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Abstract  
Accurate measurement of flow is essential for understanding the efficiency of a pico-
hydro system. A project was conducted at Murdoch University to calibrate the 
instrumentation for direct and indirect flow in a pico hydro system. Direct and indirect 
flow measurement were carried out through the Signet Magmeter and pressure 
transmitter, respectively. The direct measurements were taken through Georg Fisher 
(+GF+) software, while indirect flow was measured by connecting Fluke 744 Multi-
Function Calibrator with pressure transmitter to record the output signal. Thereafter, head 
and pressure equations were used to find the flow.   
Promag-10 as the reference standard determined the actual flow rates of the water. 
Pressure transmitter and Signet 2551 Magmeter were calibrated using an Endress & 
Hauser industrial magnetic flow meter (Promag-10) to prove that the flow rate passes 
across them is in line with the reference Standard. The flow rate of Signet 2551 Magmeter 
and pressure transmitter compared their respective references (the Promag-10). Based on 
the results, both of them were able to provide accurate flow rate measurement. The results 
showed that the Signet 2551 Magmeter is more accurate by using 25mm pipe compared 
to a pressure transmitter.  
The LabVIEW software is configured to measure and control the flow of the turbine. The 
thesis discusses the accuracy of all measurements and assesses the capability of the 
measurement system. This study shows the main operation and characteristics of three 
different transmitters (flow and pressure). The main objective of these experiments was 
to study the instrumentation calibration and process variable measurement in a pico-hydro 
turbine application. It can be done by study the flow measurement and verify that the 
Signet 2551 Magmeter reading is consistent with reference flowmeter (Promag-10) and 
also to confirm that it is working satisfactorily during the operation. The determination 
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of overall efficiency of this project derives from calculating the ratio of the two powers; 
the hydraulic power input (W) to the pico turbine and the power output sourced from a 
predicated online calculator. The assumed overall efficiency of the PowerSpout generator 
was found in this research. And compared with the range stated by the manufacturer. The 
manufacturer stated efficiency on the fair range (40- 49 %) and the estimated efficiency 
was found at 45% implying that this value agrees with the predicated efficiency was 
provided by manufacturer. 
The strength of the study lies in its use of the actual project in the instrument calibration. 
The future work segment provides an improvement proposal for the current project such 
as Pressure Safety Valve (PSV) (4-20mA) installation and the installation of a sensor to 
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1 
                         
Chapter 1: Introduction and Aims 
 
1.1 Background 
There is a consistent rise in the need for electricity in the world at large. Figure 1 shows 
the International Energy Agency (IEA) projection of electricity growth by region. It is 
clear that there is an increase in demand through 2030 [1]. The need occurs since 
electricity is an essential requirement in the economic development of a nation. 
Moreover, there is still an expected rise in the need for electricity due to growth and the 
increase in population and increase in industries. Prolonged reliance on the use of natural 
gas, coals, and nuclear energy to produce electricity whose source of energy is non- 
renewable is still in existence [2].  The exploitation of these resources leads to the 
destruction of the environment leading to climate change, a crisis that needs an immediate 
address. In curbing the hazardous impacts of climate change, researchers from different 
agencies such as Bank World and International Energy Agency delved into research to 
find out the optimal ways of generating renewable energy to supplement the available 
electricity [1]. To solve the issue, generation of power using water by the specific use of 
the pico hydro system was found out to be a sustainable small-scale project. Traditionally, 
hydropower has been one of the leading renewable forms of energy in Australia.   
Thornton (2018), Chief Executive, Clean Energy Council, reported that country has more 
than 120 hydro stations [3]. The large percentage of the nation's hydropower originates 
from the Snowy Mountains hydro scheme, located in New South Wales, and Tasmania's 
network of hydropower plants. Changes in the amount of hydropower
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contribution to electricity have risen whereby the power contributed by hydropower to 
total current in Australia in the year 2017 was 5.7%. 
 
Figure 1: World electricity consumption by regions adapted from International Energy Agency 
[1]. 
 
1.2 Aims and Objectives 
The study aims to establish a pico-hydro system that will have a small-scale approach 
(less than 5kW) to be utilized by the department of renewable energy under the Murdoch 
University’s engineering.  
The following specific objectives will be employed: 
• To calibrate the instrument devices of hydro turbine project in order to ensure that 
the calibrated instrument is measuring correctly. 
• To investigate and measure the instrumentation devices to study the flows and 
pressure drops. 
• To determine the coefficient of discharge (𝐶𝑑) by studying and comparing 
theoretical and actual volumetric flow rate of the pressure transmitter. 
• To evaluate the overall efficiency of the system.   
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1.3 Significance of the Project  
The proposed project scope includes the design, development, measurement, and 
calibration of the inflow to the pico hydro system at Murdoch University. In the 
monitoring system, a flow meter will be used for the analysis of inflow to the pico turbine 
and pressure transmitters will be installed to measure the pressure loss from the pump to 
the turbine. The project will also implement the LabVIEW program for monitoring and 
integrating measured data. The boundary of this work only considers forced flow system 
rather than an overhead tank system. The control of the pump was outside the scope of 
this project. The pump ran a load, and manual flow values were used to set the flow rate. 
The project is critical for the continuity of the pico hydro project as can be known the 
suitable instrumentation devices to be used in this project. Calibration is essential to 
improve the consistency and accuracy of the project. The project is also important to 
provide the measurement that can be used in the future and will lead to increase the 
efficiency of the pico hydro project. 
1.4 Structure of the thesis  
The thesis is divided into five main chapters which describe the work that was done to 
achieve the main aims which consist of: 
 
 Chapter One: Contains the background information on electricity in the world, 
hydropower in Australia, a brief description of the research and the main aims of 
this research. 
 Chapter Two: The literature review looks at available scholarly works on the pico 
hydropower generation and the instrument calibration. The section explores the 
available knowledge and identifies existing knowledge gaps on the topic.  
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 Chapter Three: The methodology identifies and discusses the instrumentation 
used for the project. It also presents the measurement parameters as well as the 
essential equations used in the project.  
 Chapter Four: The section provides the results of the three experiments. It also 
discusses the results of the calibration experiments.  
 Chapter Five: The section concludes the project thesis. The presentation of future 
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2 
                         
Chapter 2: Literature Review 
 
2.1 Rural Electrification Using Pico Hydropower  
2.1.1 The Current State of Rural Electrification 
According to the World Bank in 2015, the number of people in the world who do not have 
access to electricity is about 1.2 billion [4]. A large percentage of this set is made up of 
people who reside in the rural areas of developing nations. During the last century, many 
of the developed countries had a similar challenge, but have worked out ways how to 
improve access to electricity. Therefore, accessibility of power to the rural areas is a 
challenge to both developed and developing nations, which requires addressing the 
electricity access gap through good organization practice and supported through using 
some existing smart applications. Many aid agencies and developed nations are currently 
working closely with developing countries to solve the challenges of electrical 
accessibility [5]. 
 
2.1.2 Rural Electrification Options 
There are a few options that can be used to enhance rural electrification, one which has a 
broader usage is hydroelectricity where electricity is generated from water. Other options 
include the use of wind, biomass, biogas, solar energy and geothermal power in areas 
where geothermal power exists [5]. Another option is to extend an existing urban fossil-
fueled based grid to a rural area, but this is usually more expensive than using distributed 
renewable energy in the rural area. 
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2.1.3 Benefits of Rural Electrification 
The use of renewable energies to generate electricity in the rural areas is beneficial as it 
ensures that the quality of life of people in rural areas setup is enhanced. Rural 
electrification will facilitate community services like education and health and will be an 
aid that facilitates productive activities for the people in rural areas [6]. According to the 
United Nations (UN), power is "the golden thread that connects economic growth, social 
equity and an environment that allows the world to thrive” [7]. The usage of energy in 
the rural areas includes basic lighting that results in increased study time for students at 
night, health facilities operational even throughout the night, reduced use of kerosene 
lamps leading to improved health, and there being an increase in essential comfort.  
Power generated in rural areas can also be used to recharge communication devices such 
as phones, radios, and computers, which lead to communication improvement in areas 
connected. 
Electronic learning for education and mobile banking will also benefit. Due to the use of 
radios and televisions, there will be access to information that will strengthen and 
empower the community. 
2.1.4 Applications of Rural Electrification 
There are many areas in which rural electrification is applicable. Renewable sources of 
energy can supply power for use in the following purposes; 
• Basic lighting. 
• Recharging and powering communication devices such as mobile phones and 
PCs. 
• Powering radios, receivers, televisions and other transmission systems. 
• Refrigeration purposes 
•  Powering water pumps 
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• Used in hospitals for X-rays, scanners, and ultrasound. 
• Also used to power workshop tools for small industries in rural villages. 
2.1.5 Challenges of Rural Electrification 
In spite of striving to use renewable energy systems like pico hydro systems for enhancing 
the transmission of electricity in rural areas, faces some challenges. Selection is one of 
the initial difficulties. The system or method to use to select the households for connection 
to the grid may be biased. The endogenous infrastructure is another challenge in the 
process of rural electrification [6]. Designers could identify and locate programs for rural 
electrification in areas where there is a likelihood of getting customers that pay more or 
in densely populated areas; this could lead to a bias in the areas that are connected and 
the areas that are not.  
The final challenge emanates from designers and people who make policies regarding 
grid connectivity. The people that make systems would like to make and establish projects 
that are less costly; therefore, the more remote areas that may have an economic 
advantage when they become connected, due to savings on expensive fuels, may be lost 
due to the high costs incurred in grid connectivity. 
2.2 Rural Electrification Using Hydropower. 
2.2.1 Hydropower System 
The discovery of hydropower was in early ages where water wheels of various types in 
different parts of the World were used to generate energy. The primary use of these water 
wheels was in parts of Europe and Asia. At the time of the industrial revolution, the water 
wheel was finely-tuned and developed to improve its efficiency and effectiveness. The 
improvement of the skills of engineering later led to the development of a smaller device 
with a high speed in the generation of electricity that resulted in the discovery of the 
modern-day turbines. Towards the end of the 18th century, turbines replaced many 
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waterwheels, and governments have begun to focus on how they could exploitatively 
utilize hydropower in large scale to produce electricity [8]. 
A hydropower system is a system that converts energy contained in moving water into 
mechanical and electrical power in areas that have hills and rivers [9]. Hydropower has a 
variety of uses ranging from grinding small grains to generating electricity for use in cities 
[10]. The system uses the principle whereby moving water from a high level is channelled 
to a low level and the potential energy that results is used for working. When the water 
head moves a mechanical component, it results in formation of mechanical energy. In 
electrical applications, hydropower turbines are used to convert water energy into 
mechanical energy which drives a generator. The production of mechanical energy in the 
system assists in its conversion into electrical energy which is the most useful form of 
energy as shown in Figure 2. 
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General Pico Hydro Principles 
The potential power available at a hydroelectric facility can be estimated based on the 
flow rate and hydraulic head in the path of water. The power of the falling water can be 
established based on its density and the rate of flow rate. Other important factors that are 
applicable include the height of water, and it is acceleration due to gravity.  
Generally, for all hydro turbines, the potential power in SI units is calculated by, [11]. 
  P = ρ x g x H x Q x η                                                     (1) 
Where P = power (W), H = Head (m), Q = flow rate (𝑚3/s), g = acceleration due to gravity 
(m/𝑠2), η = coefficient of efficiency, ρ = density of water (kg/m3). 
 
2.2.2 Hydropower Classification  
The classification of hydropower systems depends on the power that they can to generate. 
They are categories categorized into large, medium, small, mini, pico and micro as shown 
in Table 1. The measurement of the electrically generated power is in watts, kilowatts, 
and megawatts. 
Table 1: Classification of Hydropower [12]. 
Class Power output 
Large > 100MW 
Medium 10 - 100MW 
Small 1 - 10MW 
Mini 100 kW -1MW 
Micro 5 - 100 kW 
Pico  < 5kW 
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2.2.3 Pico Hydropower 
A pico-hydropower system is a small system that can generate hydropower on a small 
scale of below 5kW. The amount of energy provided by the hydro system can serve a 
small community effectively. The system is less costly, and it is also easy to install [13]. 
Pico hydro power is a relatively smaller system which is a source of hydropower. These 
smaller systems are very appropriate to independent users.  
The improvement of access to electricity and solving electricity shortage, both small 
hydropower potentials (Micro-hydro and Pico hydro) are the most economically and 
significant feasible. The summary of the advantages of pico and micro-hydro systems is 
in the following three points:  
• Micro-hydro is an efficient source of energy as it requires small amounts of 
flowing water for it to generate power. 
• When comparing it to other large-scale hydro technologies, the pico and micro-
hydro systems are reliable as it offers a continuous supply of electricity. 
• The pico and micro-hydro systems do not require a reservoir hence the water that 
is used to generate power can be directed back to the stream thus reducing 
environmental impacts. 
 
Pico Hydropower Case Study  
According to a case study in Tanzania, some of the electric loads were powered by a 
constant power output of 25W with a charge-discharge efficiency of 80% (a battery 
storage system) [14]. An assumption made was that LED light bulbs that consumed 2W 
are used for an average period of three hours in a day. Moreover, the 4 Wh was required 
to charge a mobile phone on a daily basis, therefore, neglecting any other loads, there 
would be power for charging 120 mobile phones daily. The power output is enough to 
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supply 48 houses with electricity if each household would charge one mobile phone and 
light one LED bulb on a daily basis. Currently, the system serves eight families fully 
charging mobile phones during the day. 
The system has been successful and proves to be helpful as it supplements the power 
generated in the rural areas of Tanzania. However, future improvements to the system 
need to be made to enhance the electricity produced, to serve more families. 
 
2.2.3.1 Opportunities and Challenges of Pico Hydropower 
Advantages of Pico Hydropower 
Pico hydropower provides a cheap technical solution in the independent supply of power. 
That is because the costs of running and maintenance are minimal compared to batteries. 
There are minimal expenses of operation and maintenance of the pico hydro system. The 
items for making the system are cheap and readily available making the whole system 
affordable on cost. 
Furthermore, the pico-power provides a clean and sustainable source of renewable 
energy. The recent concerns on energy development and management have led to the 
discovery of sustainable systems that do not have a negative environmental impact [9]. 
The pico hydro provides renewable energy that is continuously leading to reduced 
pollution since there is a reduction in the consumption of fossil fuels. Its usage may also 
make it possible to avoid using batteries. A set of criteria used in determining the 
sustainability of a hydro system shows that the sustainability analysis by Gurung et al. 
(2011) showed that the pico hydro system is sustainable in the long-term [15]. 
Moreover, compared to large hydropower, the pico is simple and is suitable for smaller 
communities [16]. The manufacture of turbines is simple and uses a less expensive 
technology making its installation, working and manipulation simpler.     
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 Disadvantages/ Drawbacks of Pico Hydropower 
Although there are many advantages of pico hydropower, however, the construction of 
the system requires clearing of the land and the creation of a diversion along the river's 
course. Additional changes may be needed to be made if there is a possibility of creating 
a reservoir. These changes along a river's path may have adverse effects on the ecosystem. 
The smooth movement of sediments will be impaired as well the normal patterns of 
flooding. The requirement of protecting the upper part of the river is beneficial to the 
environment.  
 
Additionally, there is a requirement to conduct a pre-feasibility for specifying the site of 
power output. Also, for pico hydropower to be operational, the community needs to be 
organized for operations and the use of water. Therefore, a team of people should control 
and run the activities for the society to make sure all the system runs smoothly and as the 
planned. 
Pico Hazards and Safety 
Most of the remote areas ignore the basic standards of safety and hence pose a danger to 
human life [13]. The critical elements in pico safety are the electric cables that convey 
the electricity. It is, therefore, necessary that the people who use the hydro system use 
strong and durable cables that are safe and reduce current leakage. People in remote areas 
choose to use non-insulated wires. Their use poses a danger as they can lead to loss of 
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Pico Hydropower Potential in Australia 
The location of Australia is a potential establishment of pico hydropower. Australia has 
some excellent locations with many resources such as rivers and highlands. Queen's land 
and Tasmania are good examples of sites that may install and establish pico hydropower 
easily. The rivers can serve as waterways for the production of electricity by 
implementing the hydro systems. Additionally, Fecarotta et al. (2015), discovered that 
suitability in the areas of the catchment depends on the aspects of river profile, energy 
demand, and accessibility; these results indicated that many parts of Australia could meet 
the requirements for the establishment of pico hydropower [17]. The full exploitation of 
these potential sites that exist in Australia is fully can be a production of power from 
green energy sources capable of supplying the rural areas where there is a difficulty in 
the transmission of power and electricity. 
Opportunities and Implementation of Pico Hydropower in Australia. 
The usage of pico-hydropower system is at the initial stages of development in Australia. 
The government in Australia is becoming aware of the importance of pico-hydropower 
to the country, especially for remote areas. The policymakers in charge of energy, green 
technology, and water in Australia came up with a plan to improve the utilization of the 
power that can be produced by use of hydropower and to provide a subsidy to the supply 
of electricity and sustainable economic development [18]. 
As an initial step, the Australian government has begun to identify groups that are 
contributing to the development of pico-hydropower [18]. It has focused on companies, 
universities, colleges and various communities as it also integrates the energy and 
electricity sector in the research projects for pico-hydropower. Many research groups in 
both colleges and universities are researching pico hydropower. All these research aims 
to provide more opportunities for the pico hydropower system to be implemented. 
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According to the 2018 Clean Energy Australia report, the total output for hydropower 
reduced in the year 2017 as compared to the previous year [3]. These reductions occurred 
mostly as a result of reduced rainfall in the catchment areas. The Australian National 
University (ANU) in collaboration with the Australian Renewable Energy Agency 
(ARENA), has identified 22000 potential pumped hydro sites across Australia. Many of 
the sites are in New South Wales and Victoria. An ANU researcher said that it would only 
need 0.1% of the top places to provide a hundred percent of the renewable energy in 
Australia. The Snowy 2.0 project indicates an apparent expansion of the hydro resources 
for the nation to increase the capacity that would complement other renewable sources of 
energy. 
Challenges and Future Perspectives of Pico Hydropower in Australia. 
Even though the Australian region has a vast potential for hydropower, a large percentage 
of this power remains unexploited in the country. There exist some challenges that limit 
development and establishment and of hydropower schemes. 
Despite the existence of newer technologies for the production of energy such as solar, 
hydropower, and wind, but full exploitation is limited due to institutional, technical or 
economic barriers [9]. Many pico hydropower projects have faced long periods to move 
from the stages of predevelopment to the scale-up phase. The issue in delays generally 
results from the long duration of time taken to get approvals from the governments and 
relevant authorities. Moreover, the main challenges of the future are sustaining a constant 
load demand, futility in the development of the pico hydropower in areas where the main 
electric grid exists and getting professionals with detailed information in the architecture 
of pico-hydropower. Another challenge occurs during the times of the year when the 
amount of rainfall reduces and reduces the efficiency of the hydro system. 
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Based on the above discussion, the significant problems include: 
1. The absence of the required experts, the most substantial barrier that impedes the 
development of pico-hydropower is the inadequacy of skills, limited training. 
2. Limited rainfall that is unreliable throughout the year. 
3. The issues of bureaucracy, complexity, and inconsistency in regulatory 
institutions. 
4. The Inadequate finances for financing pico-hydropower projects. Many of the 
financial institutions are not familiar with pico-hydropower projects and are thus 
reluctant to finance them. 
5. The perception of the public on pico-hydropower projects is still under 
experimentation. 
6. The localized water shortages have marred the development of pico-hydropower 
projects. The issue of water shortages arises as a result of climate change. 
Future Perspectives 
According to the Snowy 2.0 project, the Snowy Hydro made announcements that it had 
plans to carry out feasibility studies for a pumped hydro expansion on the scheme. 
Pumped hydro involves controlling power generation through the pumping of water from 
low to higher reservoirs in small demand and then using the top tank to generate electricity 
in peak seasons.   Pumped hydroelectricity scheme is used to manage consumer demand 
for electricity and situated typically between two reservoirs (Upper reservoir and lower 
reservoir). The results of the feasibility study indicated that the Snowy is both financially 
and technically viable and its Board of Directors has approved its progress. When the 
project is complete, the generation capacity of the Snowy Hydro scheme will increase by 
up to 2000 MW, and it will provide approximately 350,000MWh of energy. The used 
water will be pumped back to the reservoir to be reused again [3]. 
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In transitioning from the use of coal power to renewable sources of energy, it is clear that 
the Snowy 2.0 project has a role in providing stable, affordable and reliable electricity for 
the future. The Snowy 2.0 scheme will not just change the renewable energy game in 
Australia but will also create employment opportunities in the future. 
There is already a strategy for small hydropower which includes the mini, the micro, and 
the pico to participate in contributing more to the electric grid. This initiative hopes to 
extend the usage of renewable sources of energy that are sustainable in the future. In 2010, 
there was a research project by Date and Akbarzadeh (2010) that proposed a pico-
hydropower generator for power stations that have an ultralow head. With a limited flow 
of water, the system is expected to generate power of approximately 2 kW [19]. The new 
pico-hydropower system will utilize the new application of the reaction turbine (RT) 
configuration which has advanced, and improved features compared to the fabricated split 
reaction turbine. It is clear that the split reaction turbine (SRT) is resistive to corrosion 
since it has a Polyvinyl chloride (PVC) material in its makeup. 
 
2.3  Development and Design of Pico Hydropower  
To install a pico-hydropower system an individual would require some components 
which include; a water source, a penstock, a turbine a generator and cables. The system 
operates using a reservoir or a water source that is on higher ground or at a higher level 
from the generator. The connection of a penstock to a water source directs water to the 
turbine. The flowing water rotates the turbine wheel. The turbine is attached to a prime 
mover of the generator. As the turbine wheel moves, mechanical energy is converted to 
electrical power and is transmitted by the use of cables to the required destinations for 
use. 
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2.3.1 Assessment of Feasibility of Hydropower 
2.3.1.1 Assessment of Resource 
The evaluation of resources is very important for the success of a project as it helps to 
understand the hydropower potential that exists, and its use for future production of 
electricity. The assessment of hydropower potentials is on three levels, which are 
theoretic assessment, technical assessment, and practical assessment. In theoretical 
assessment, the hypothetical possibility is the imaginary yearly amount of physical energy 
that is available (refer to above equation 1). Technical potential is that portion of the 
theoretic resource which can be harnessed and made into electricity by the use of 
technological design [18]. Practical resource assessment is that part of the technical 
evaluation that incorporates the economic, environmental and regulatory factors. 
2.3.1.2 Head Measurement 
The difference in water levels between the point of intake and the point of discharge of 
the hydro is the head. The measurement of distance is in metre. When there is a high head, 
there will be more pressure, which will lead to a generation of more power. 
When measuring the head, (height of the falling water), the static head and the dynamic 
head need to be considered. Net head pressure is the total of dynamic head pressure and 
static head pressure. Dynamic force represents the kinetic energy of the fluid while static 
pressure is the pressure exerted when the fluid is at rest  [10].  The vertical height between 
the penstock top and the point at which the water enters or hits the turbine is the total 
head. The operating head is the difference obtained between the gross head and the 
pressure head losses in the penstock. The difference obtained is dependent on the head 
type, the length of the penstock, the diameter and the number of bends or elbows that are 
in existence. The estimation of the amount of power that is available, equals the gross 
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headless the net head required to determinate the actual available power of the hydro 
system. 
There are three types of heads based on the height of the water that is available in the 
source or the reservoir [10].  They include; high head, medium head, and low head as 
illustrated in Figure 3. 
 
Figure 3: Three different types of heads of hydropower system design [20]. 
 
The high head power plants have water sources whose height are above 300 metres and 
can extend to 1000 metres. There are huge dams constructed along the rivers in the high 
head electric power systems. These reservoirs mainly store water during the rainy seasons 
for use during the other times of the year. This strategy ensures that there is a generation 
of electricity throughout the year. The high head hydro systems are vital as they can be 
adjusted to produce power according to demands. 
The intermediate head power plants have water heights of above 30 metres but below 300 
metres. The location of most of these types of hydro plants are regions that are 
mountainous and have rivers that have high heights; hence a high-water head is obtained. 
The low head hydro system is a type of operation where the available height of the water 
is below 30 metres. In some cases, a weir is used to store the water, and in some 
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circumstances, the flowing water in a stream without a weir or reservoir is used to supply 
the electricity. The low head hydro systems do not store water, and therefore the 
production of electricity is impacted when the flow of water is sufficient. 
The selection of the appropriate head for a pico turbine, as presented by Williamson et al. 
(2014) is a method of choosing a head based on a multi-criteria analysis and discussed 
the relative advantages by using the specification of the turbine. The authors showed that 
by selecting a low head, a pico turbine has greatest potential [11]. 
2.3.1.3 Water Flow Rate Measurement 
Since the pico hydro system is a smaller system and uses small rivers and streams to 
generate power, the most appropriate method to be used in measuring the water flow rate 
movement is the bucket method [10]. The process is practically applicable since the pico 
hydro system is not commonly known compared to other hydropower systems. The time 
taken to divert the water flowing in a stream to a bucket is recorded. The capacity of the 
bucket or the container used is known, and the rate of flow is calculated by dividing the 
volume of the container by the recorded time taken to fill the tank. For example, the time 
taken to load a 20litre/minute bucket is one minute, then the flow rate is 0.333litre/second.  
Assessment of Load  
Appliances or devices use electricity. A load is a device that needs the power generated 
by the pico-hydro system to operate [21]. The demand for energy in a village increases 
the number of loads that will be using electricity. The members of the community will 
need to charge their phones, power their radios and televisions, making the project viable. 
To assess the loads, three things must be known; historical load profile estimated demand 
and Consideration of future maximum demand forecasts. 
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2.3.1.4 Classification of Loads 
The classification of loads is either electrical or mechanical loads. Electrical loads use the 
power that has been generated by the generator [21]. These loads use electricity that can 
either supply a motor or not. Examples of non-motor driven loads include lighting, battery 
chargers, radio devices, and televisions. The engine driven loads include workshop tools, 
ventilation fans, refrigerators, and food processors. Pulley and belt drives are a good an 
example of mechanical loads. They can be utilized to link between the turbine shaft and 
the generator where the generator has a different operation speed to the turbine, which 
means it depends on the operating speed required for the generator. 
2.3.2 Balance of System (BOS) 
The balance of functionality in the pico-hydro system, depends on the installation of 
cables to transmit the power to various homesteads. The wires should be strong and 
durable. A battery for the storage of the produced energy may need installation. It depends 
on the characteristics of the load and the capacity of the turbine. In some cases, the output 
from the pico system might be able to meet the peak power and energy demands 
instantaneously, and no storage is required. For storage purposes, an inverter should also 
be in place to convert the stored power in batteries for use in other electrical appliances. 
 
2.3.3 Components and Types of Pico-Hydro Turbines and their Development 
Figure 4 presents a schematic presentation of the main elements interconnected in the 
development of the pico-hydropower system. 
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Figure 4: A schematic presentation of the main components of the pico-hydropower system 
[22]. 
2.3.3.1 Forebay or Upstream Source 
The components of the forebay include the reservoir, intake point the trash track, and the 
overflow. The forebay has many functions; it serves to provide steady and continuous 
flow into the turbine through the penstocks and allows the last particles to settle down 
before the water enters the penstock. The size of the forebay varies greatly depending on 
their purpose and position.  
 
2.3.3.2 Penstock 
The penstock of a pico-hydro system starts from the water source and passes to the turbine 
as shown in Figure 5. The penstock has a nozzle and a power valve that control the rate 
of flow and pressure of water to obtain an optimal turbine speed. The penstock also has a 
pressure gauge for measuring the compression of water at the head of the hydro system. 
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Design of Hydro Power System – Turbine Design 
A turbine is a small and simple machine that produces rotational turning actions at 
different speeds. The hydro turbine converts the water-energy into mechanical energy, 
before its conversion to electrical power. The turbine comprises of metal or plastic blades 
fitted to a rotating shaft at the centre. The water strikes the edges making the shaft rotate. 
The categorization of turbine designs is either axial flow turbines or radial flow turbines 
based on the path of water flow through the turbine [19]. The classification of the turbines 
is either impulse or reaction based on the changes of the water pressure.  
The impulse turbine is a type of turbine that uses the speed of the water to move the runner 
and discharges to atmospheric pressure, as depicted in Figure 6 [19]. Each bucket that is 
along the water stream is hit on the runner. The downside of the turbine does not have 
suction, and after beating the runner the water flows out through the bottom of the housing 
of the turbine. Impulse turbines are generally applicable in low flows with high heads. 
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A reaction turbine is a turbine that establishes power from the joined action of both 
pressure and water that is in motion as demonstrated in Figure 6. The runner is located 
straight in the water stream on the blades rather than striking each blade individually. In 
most cases, the reaction turbines are used in sites that have low heads and higher flows.  
  
Figure 6:  The impulse and reaction turbine [22]. 
The differences between impulse turbines and reaction turbine can be summarized as 
depicted in Table 2[23]. 
Table 2: The main comparison between Impulse and Reaction Turbine. 
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The turbine in the system will act as a prime mover for this type of hydro-generator. The 
turbine chosen will depend on the site, the head and the flow [24]. When using the impulse 
turbine, the water is directed to, e.g. a Pelton runner. Where a runner is submerged, 
propeller machines may be used which are known as reaction turbines. When either the 
reaction or impulse turbine is used, the kinetic energy in falling water is converted to 
rotary motion in the shaft of the runner. The shaft is directly joined to the magnet 
alternator. 
Turbine Selection  
In designing and developing a hydropower system, it is important to select a type of 
turbine to be used. Selection of a turbine is based on the head and flow rate condition. 
Figure 7 demonstrates the application range of different kinds of the turbine. In a pico 
hydro system, the turbine to be used is a Pelton turbine as presented in Figure 8; this is 
because this type of turbine is not limited in its use and can be used for a high head and 
low head. 
 
Figure 7: The various turbines in terms of head and flow rate [24]. 
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Figure 8: The Pelton wheel [16]. 
2.3.3.4 Dump Load  
A dump load is an electrical resistance heater which is required to be made in a size that 
can handle the full generating capacity of the pico hydro turbine as illustrated in Figure 
9. The dump loads can either be air or water heaters and are activated by the charge 
controller when the batteries or the load cannot accept the energy produced, to prevent 
the system from being damaged in the presence of excess energy. The dump load cuts off 
power from the system in the event of excess energy to protect the system. That because 
the excess energy is shunted to the dump lead if necessary, which mean the dump load 
keeps a turbine in its designed operating range  [16]. 
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Figure 9: Dump load [16]. 
2.3.3.5 Generator and Powerhouse 
The generator e.g. Figure 10 is applied to transform the rotational energy in the turbine 
into electrical power. A generator for pico Hydropower is selected based on the power, 
the type of loads whether Alternating Current (AC) or Direct Current (DC) and the type 
of delivery systems [16]. The cost is also considered, and a low-cost generator is 
preferred. The powerhouse is a structure that guards the components of the hydro system 
such as turbines, generator and any other electrical parts of the system. For the system to 
produce more power, the powerhouse should be located at a position that is low with 
respect to the incoming flow. The generator should, however, be positioned at a higher 
level than the water source to protect the electrical devices from the overflow of the 
stream. 
 
Figure 10: Pico Hydropower Generators [16]. 
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2.3.4 Metering and Electrical System 
The metering for the system will measure and show several different aspects of how a 
pico hydro-electric system performs. It will be able to track how full the power bank is, 
the amount of electricity produced by the turbine, and the quantity of electricity that has 
been used [16]. 
The metering system is important for monitoring is functionality through the system, and 
it may work without metering. The electrical part of the hydropower system will consist 
of the electrical loads, an electric controller and a power transition system. The amount 
of power that will be produced will determine the amount of load that will be placed on 
the system.  
2.4 Demonstration of Pico Hydro  
2.4.1 Motivations for Research and development in Pico hydropower 
Turbines. 
Researchers have been driven by various motivations to conduct and come up with more 
research on pico hydro systems. There is a large global market for pico hydro turbines in 
developing nations [19]. The cost of a grid connection to remote areas is high, and there 
is an unreliable power supply from the national electricity grids [5]. The demand for 
efficient turbines that can produce more electricity and last longer has grown. Research 
is required to overcome the existing turbines that are of poor quality. 
2.4.2 Pico Hydro System at Murdoch University. 
To create awareness among students at Murdoch University on the use of small-scale 
hydroelectric systems that utilize renewable energy, the university installed a hydropower 
system. Research on the project started in 2016, and the planning of the system took some 
time as it had to be investigated. The project was initially worked on by Anoop Singh 
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who focused on finding a suitable type and a convenient location for the hydro system 
[12]. 
2.4.2.1 Selection of System Type 
After analysing different capacity systems, a pico hydro was selected based on the size 
and capacity. A pico hydro system is a typical representation of a hydroelectric system 
with differences being in the sizes of components and the power capacity produced. 
2.4.2.2  Pico Hydro Selection of Location 
The power output of a hydroelectric system depends on the flow rate and the head. 
Therefore, the natural presence of a head determines the construction of hydro systems. 
For commercial purposes, reservoirs are constructed to meet the required amounts of 
water. In developing this system, a natural head should be available that will determine 
the turbine speed and the power output. Consequently, a location that has a suitable head 
should be selected. After visiting different places and considering the presence of a tank 
as a reservoir, the pilot plant in the Engineering and Energy building section was selected 
as it had an ample natural head that could be used for generation of electricity [12]. 
 
2.4.2.3 Selection Turbine at Murdoch University 
Once the location was determined, the head was measured so as to identify the type of 
turbine to be used. It was initially estimated that a head of 12 metre could be established. 
The working principles, the cost, and methods of installation of different turbines were 
studied, and the 123V Power Spout Pelton turbine was selected for the project [12]. The 
main reasons choosing this specific turbine are; can be work mainly on the low head, low cost 
and easy installation. 
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2.4.2.4 Background of Power Spout 
This is a continuation of the project of the design and development of the pico hydro 
system at Murdoch University. In 2016, Mr. Anoop Singh came up with an initial design 
and provided suggestions on the system and checked into the hardware parts of the system 
that could be used [12]. In the following year, Mr. Amal Saju implemented the proposed 
system where the parts, piping were installed and communication through the use of an 
NI-DAQ card was established. He acquired the 123 V PowerSpout Pelton wheel and 
installed it. In the implemented system, water is pumped into the turbine instead of 
flowing from an overhead tank. 
4.3.2 Measurement and Calibration of the Inflow to the Pico Hydro  
The next issue is to focus on measuring and calibrating the rate of flow into pico hydro 
turbine which is already installed. Measurement can be achieved by following the three 
steps. The first step is to investigate if the reading on the Signet 2551 Magmeter that 
measures the water flow of the forced flow systems matches with UWS flow meter. This 
is done because the two systems, UWS, and the pico hydro are currently connected 
together, and therefore the installed pump can pump water to the two systems. After 
ensuring that the readings of the Signet 2551 Magmeter are accurate, then the Signet flow 
meter is connected to the power cabinets by installing the appropriate data cables. The 
cables will connect it to the NI-DAQ system and USB-6218. The USB-6218 will connect 
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3 
                         
Chapter 3: Methodology 
 
3.1 Introduction 
The methodology used in this study is presented as a flow chart in Figure 11. This outlines 
all the processes followed in this study starting from initial assessment for selection of 
measuring instruments devices and ending with the comparison of measured LabVIEW 
process variable measurements with theoretical calculations. 
 
Figure 11: Process Flowchart. 
3.2 Theory of the project  
As per the second step of the methodology flow chart, the selected transmitters and meters 
required calibration. The following sections give some background on calibration theory 
and definitions: 
Calibration is the process of comparing the measurement made by the instrument device 
being calibrated under test with an accepted reference measurement (true value). 
Initial assessment for selection  of instruments devices.
Transmitters calibration [ Pressure & Flow transmitters].
Evaluate effect of pipe diameter on measured flow.
LabVIEW implementation to monitor flow & pressures heads.
The power and efficiency evaluation to pico hydro system.
Comparison of LabVIEW measurements with theoretical calculation.
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Wherever measurements are essential, calibration of the measuring instruments is 
considered vitally important, because it enables the users to trust and be confident in the 
results that they record and monitor. The National Association of Testing Authorities 
(NATA) defined [25] calibration as - 
“An operation that, under specified conditions, establishes a relation 
between the quantity values with measurement uncertainties provided 
by measurement standards and corresponding indications with 
associated measurement uncertainties, and uses this information to 
establish a relation for obtaining a measurement result from an 
indication.” 
Instrument calibration is typically considered one of the primary processes that can be 
used to maintain instrument accuracy. The instrument being used as a reference should 
be of higher accuracy than the instrument being calibrated. Traceability refers to being 
able to “trace” the calibration quality and accuracy all the way up to the highest level 
called the primary (international) standard. Each country usually has a secondary standard 
calibrated against the primary standard. Then, laboratories within the same country use 
the secondary standards for calibration of their instruments. Finally, companies send their 
instruments to laboratories to have their “local” standards calibrated against the 
laboratory standard. 
Through this calibration, a relationship between the “measured” value and the “true” 
value indicated by the reference standard can be found. This will be helpful to obtain a 
meaningful expectation of how the measuring device will perform while in use. 
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3.1.1 Process Instrumentation Terminologies. 
 The calibration results [26] define some of the important terminologies about the 
transmitters: 
Accuracy –It states how close the measured value is to the true value. The accuracy for 
each measurement of the measurement instrument device is calculated as a percentage of 
the true value. The accuracy of the instrument measurement device in this project is 
calculated as the maximum of the individual accuracies. 
Precision –It is the smallest change of the process variable (measured value) that will 
result in a change in the output of the measured instrument device. The high precision 
indicates the consistency between the results of measurement and the true value (input), 
while the low precision specifies the value of the measurement variation. 
Offset –It is the reading of an instrument with zero input. The offset of straight line affects 
all measurements and appears in the 𝑦 = 𝑎𝑥 + 𝑏 as “b”. 
Range – It is defined as the region between the maximum and minimum limits of a 
quantity that the instrument devices (Transmitters) is designed to operate for measuring. 
For instance, “a pressure transmitter used in this project is calibrated to measure from 0 
to 2.5 bar and therefore has a range of 0-2.5 bar”. 
Lower Range Value (LRV) – It is the lower value of Measured Variable (MV) that the 
instrument device is adjusted to measure output signal. For example, a pressure 
transmitter with a range of 0-2.5 bar with an output of 4-20 mA has a LRV (input) of 0 
bar and LRV (output) of 4mA.  
Upper Range Value (URV) – It is the highest value of Measured Variable (MV) that the 
instrument device is adjusted to measure output signal. For instance, a pressure 
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transmitter with a range of 0-2.5 bar with an output of 4-20 mA has a URV (input) of 2.5 
bar and URV (output) of 20 mA.  
Span– It is the difference between the upper and lower range values (URV – LRV) of an 
instrument. For instance, a pressure transmitter with output signal range 4-20 mA has a 
span of 16 mA. 
Traceability – It is referred to the property of the result of a measurement test whereby 
the result could be related to a reference standard which is typically international or 
national standards through a documented unbroken chain of calibration all having 
specified uncertainty. 
Linearity– The output of a transmitter should be a linear function of the input. 
The linearity of a transmitter describes how closely the measurements are to a straight 
line over the entire range. If %Span is used for the input and output variables, then a 
perfectly straight line or can be called “goodness of the fit” with slope =1 and offset = 0 
will be found.  
The equation of a line: 
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The main purpose of instrument calibration can be summarised in the following four 
reasons: 
1. To check the accuracy of a measuring instrument against a reference instrument 
(true value) throughout the range of measurements. 
2. Make adjustments to the instrument deviation happened during the operation to 
improve the accuracy of the measured value. 
3. Ensure that the measuring instrument produces the correct output signal range for 
the required input range (which can be less than the maximum instrument range. 
Calibration of an instrument should be done at some discrete points across the full range 
of the instrument. Typically, the calibration range might differ from one instrument 
device to another because it refers to their capabilities. 
In order to test a minimum number of points across the range of the device, the instrument 
measurement points can comprise five points of readings taken at 0%, 25%, 50%, 75%, 
and 100% of input span or range. This should correspond precisely to the same 
percentages of the output span (4-20 mA). Figure 12 shows the correlation between input 
and output span. 
 
Figure 12: The correlation between input and output span [27]. 
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3.1.2 Error Analysis 
In the measurement the absolute error can be defined by using the following equation: 
  Absolute Error= Instrument reading –  True reading  (2) 
Error can be expressed in percentage as shown in equation (3): 
 Percentage Error=
Instrument reading – True reading
 True reading
 x 100  (3) 
3.1.3 Calibrating Pressure Transmitters (PTs) 
Pressure transmitter output as a function of pressure input is linear, however, the 
relationship between pressure and flow is non-linear. Therefore, the linear equation can 
be used for the pressure transmitter calibration process, but not for flow measurement. In 
this project, the pressure calibration was performed on the bench. Then, the measurement 
of pressure was used to find the flow of the process and called “indirect measured, 
analog”. 
In order to determine the measurement of flow rate in a pipe, the correlation of pressure 
difference with the velocity is used. The mathematical function can be used for any linear 
relationship between the input variable “x” and another variable “y” by expressing slope-
intercept in the following equation: 
y= 𝑚𝑥 + 𝑏  (4) 
Where, 
y: is vertical position on the graph  
m: is the slope of result line  
x: is horizontal position in the graph 
b: is the point of intersection between the vertical y-axis and the line 
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In the calibration, same concept was used. In this context “x” is the process variable (PV) 
and “y” is the indicated value of the process variable. Calibration is making sure the 
correct indicated value is obtained when the sensor is exposed to the corresponding 
process variable value. The equation of instrument calibration can be written as follows: 
y= (16𝑥 + 4) mA (5) 
where, 16 is the difference between the upper and lower range values (URV – LRV) of 
an instrument and called span, while 4 is the lower value of Measured Variable (MV) 
that the instrument device is adjusted to measure output signal and called Lower Range 
Value (LRV). 
On the instrument devices such as pressure transmitter, there are two things that can be 
adjusted which assist any user to match the instrument devices behaviour to the ideal 
equation, which is termed Offset (Zero) and Span (Gain). These two adjustments can be 
set for any range of measurement within manufacture limits because they correspond to 
the b and m terms of the linear function, respectively. Figure 13 illustrates the effect of 
altering the offset (Zero) of the transmitter and can be set what in effect the value of the 
output signal is when the input is shown zero. Figure 14 indicates the effect of altering 
the span (Gain) of the transmitter and adjust the slope of the linear relationship between 
input and output signals. 
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Figure 13: Offset Adjustment [28]. 
 
Figure 14: Span Adjustment [28]. 
 
3.1.4 Measurement Traceability 
Since the calibration is a comparison of readings taken from the instrument device under 
test and that of a standard reference, it is necessary to consider what properties are from 
a standard reference. First of all, the process variable” (input) should be the same for both 
instrument devices and a standard reference. Another feature, the measurement of a 
standard must be confident and more accurate compared to the device being used under 
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test. And to achieve that all the measurement of reference standard during the test have 
to show traceability to higher level measurements and ultimately to international Standard 
[26]. 
 
3.1.5 Empirical mathematical function 
3.2.5.1 Calculate the coefficient of discharge (𝐶𝑑) from experimental data 
for pressure transmitter: 
Actual flows in a system are usually smaller than the theoretical value because of pressure 
losses. The coefficient of discharge (C𝑑) is referred to the ratio between the discharge of 
the actual flow and the discharge of theoretical flow [29]. The actual flow could be 
obtained experimentally, while the theoretical flow is calculated. 
The flow rate of the pipe in m3/s is obtained by multiplying the velocity of the water flow 
with the cross-sectional area of the pipe.  The cross-sectional area computation only 
involves a section of the pipe in (m2) . 
In order to find the coefficient of discharge, the flow rate in the pipe (theoretical) is 
required to be obtained by using the following equation: 
Qactual = VA (6) 
Where, 
Qactual: flow rate in the pipe (m
3/s) 
V: velocity of the water flow (m/s) 
A: the cross-sectional area of a section of the pipe ((A =
πd2
4
)  (m2)). 
Then, equation (7) can be used to find the coefficient of discharge: 
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As described earlier, the theoretical flow rate is obtained by multiplying the actual flow 
rate with the coefficient of discharge. 
 
The Qactual obtained from the above result is multiplied with the coefficient of discharge 
Cd to provide the theoretical discharge QTheoretical: 
 QTheoretical = Cd QActual   (7) 
Where 
Cd: is the coefficient of discharge 
QTheoretical: is theoretical flow rate (L/min) 
QActual: is actual flow rate (L/min) 





  (8) 
Since two kinds of pressure transmitters have been used in this project, the equation (9) 
need to be used to convert the pressure obtained from Pabsolute to Pgauge and check 
pressure atmosphere at experiment date.  
Gauge pressure is pressure relative to atmospheric pressure. It can be positive or negative 
when the pressure is above atmospheric pressure or below atmospheric pressure 
respectively. The absolute pressure is the sum total of all pressure. The absolute pressure 
is obtained by adding the gauge pressure to the atmospheric pressure as shown in the 
following equation:  
Pabsolute = Pgauge + Patmosphere   (9) 
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The equation implies that gauge pressure is obtained by the following equation: 
Pgauge = Pabsolute − Patmosphere 
The hydraulic head pressure is the fluid surface elevation, denoted in units of length at 
the entrance of the water well, in this case, tank. The head pressure can be obtained 
through the velocity equation that can be used to find the hydraulic head: 
v = √2gh  (10) 
Where 
V:  is the velocity (m/s) 
g : is the gravity (m/s2) 
h: is the hydraulic head (m/s) 
Modifying the above equation, head pressure will be denoted as: 
           h = V2/2g 
 
3.2.5.2 Relationship of Pump Power to Flow Rate 
The pump power is obtained by multiplying the work done with the time interval [30] as 




   (11) 
Where, 
P: is the power (Watt) of the pump 
W: is the work done (Joule) 
T: is the interval time (Second) 
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Work done is typically the force multiplied by distance. The equation can be changed by 




  (12) 
The equation can be broken down further since force is the product of pressure and area. 
The following equation replaces force with distance being multiplied by area:  
Power =
(Pressure x Area) x distance
Interval Time
  (13) 
Equation (13) can be rearranged as follows: 
              = (Pressure x Area)x(
 distance
Interval Time
)  (14) 
In the above realignment, the division of distance and interval time equates to velocity. 
The next equation shows the simplification:  
              = Pressure × Area ×  Velocity  (15) 
The product of area and velocity is simply the flow rate, an adjustment is made to 
the equation. Thus, the simplified equation becomes: 
Power = Pressure x Flow rate  (16) 
Pressure can be denoted by the following equation pressure =ρ g h. Therefore, 
theoretical power can be expressed by using the following equation: 
Ptheoretical = ρ g h Q   (17) 
Where, 
Ptheoretical: The power available from falling water (W) 
ρ: density (1000 kg/m3) 
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g: acceleration of gravity (9.81 m/s2) 
h: head produced by the pump (mH2O). 
Q: flow rate in the pipe (m3/s) 





The above equation is, thus, substituted for the power equation as follows:   
Power = ρ g  ( 
V2
2g
 ) (VA)    
             = ρ g A  ( 
V3
2g
 )    
             = ρ g A ( 
A2
A2
)  ( 
V3
2g
 )    
             = (
ρ g
A2
 ) ( 
A3V3
2g




 ) (Q3)   
Thus, 
 P α Q3  
3.2.5.3 Overall Efficiency of process 
The overall efficiency of the process is defined as the efficiencies of components of the 




x 100 or =
Power output 
Power input
 x 100  (18) 
Where, 
Power output: is the predicted power output given fluid power available.  
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Power Input: is the power inflow to the turbine. 
3.2.5.4 Indirect Theoretical flow (L/min) and the output signal (mA)  
Indirect theoretical flow (L/min) can be obtained by using % span and the output signal 
(mA). This will help to predicate the measurement result and can be compared to know 
how close they are from the true value. Here are two examples of how to use the % span 
and output signal equations to find the flow and output signal of the process; 
Example one: what is the current (mA) reading through flow transmitter which has been 
calibrated for a range of 0-120 L/min, and the actual flow of 30 L/min? 
% Span (flow) =
 Reading of Flow (L/min) − LRV
URV − LRV
 x 100 
                            =
 30−0
120−0
 x 100 = 25 % 
Output Signal (mA) = % Span (flow) x (URV − LRV) + LRV 
Output Signal (mA) =
 25
100
x (20 − 4) + 4 = 8 mA 
Example Two: what is the reading of flow rate Q (L/min) which is indicated at flow 
transmitter (FT) calibrated for a range of 0-120 L/min and output signal of 12 mA?  
% Span (Current) =
 Reading of Output signal (mA) − LRV
URV − LRV
 x 100 
% Span (Current) =
 12 − 4
20 − 4
 x 100 = 50% 
Hence, 
Flow rate (Q) = % Span (current) x (URV − LRV) + LRV 
Flow rate (Q) =
 50
100
 x (120 − 0) + 0 = 60 L/min 
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3.3 Materials of the project 
3.3.1 Experimental Layout 
Figure 15 shows the experimental layout which is comprised of a water tank, a motor to 
pump the water from the tank up and feeding pipes connected to the unit under test. In 
this project, Promag-10 was used as a reference system, Signet 2551 flow meter to 
monitor the input (downstream) flow, two kinds of valve which were used to regulate and 
control the flow through the reference system. The diameter of the pipe used was 50 mm. 
The storage tank is used to store a quantity of water to be pumped to test the Signet 
Magmeter and the pressure transmitter aligned together with Promag-10 flow-meter to 
complete closed loop cycle.  
 
Figure 15: The experimental layout. 
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3.3.2 Signet 2251 Magmeter  
The flow rate in this project is variable due to adjustments. Variable Speed Drive (VSD) 
and two valves (Gate and Globe) were used for adjusting in this experiment.  In this 
project, a Signet 2551 Magmeter is installed as illustrated in Figure 16. The Signet was 
used to measure the downstream flow before the turbine, which means this reading is 
conclusive as final output reading before correlating with hydropower turbine. There were 
many features that encouraged to select Signet 2551 Magmeter for this project. The main 
feature of Signet sensor design is an insertion- style magnetic flow sensor without any 
moving parts. Providing long-term reliability with minimal maintenance costs is another 
feature for the sensor of Signet 2551 because the sensor is made with corrosion-resistant 
materials [12]. 
In addition, the Signet 2551 is capable of delivering accurate for direct measurement of 
velocity and indirect measurement of flow over a wide dynamic in pipe sizes ranging 
from DN15 to DN300 (½ in. to 36 in.). A Signet 2551 Magmeter can offer many output 
options. Typically, it is available with a 4 to 20 mA and a frequency or digital (S3L) 
output, which are available on both the blind and display versions. To facilitate easy 
calibration, the 2551 Magmeter offers a K-Factor value for all standard pipe sizes.  
 
Figure 16: Signet 2551 Magmeter. 
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3.3.3 Custom System Span and Setup 
In order to measure the flow reading of the Signet 2551 Magmeter, the sensor was 
connected to the deployed computer. The Signet was connected to hardware called “3-
0250 USB”, which was able to send the sensors performance and log the process data to 
file through a cable. A software called Georg Fisher (+GF+) software is designed to 
monitor the data of the process. The software was operated at a signal current spanning 
from 4 to 20 mA, residing in the value range of 0-5 m/s. A Signet 3-0250 USB to S3L 
diagnostic tool is utilized which is compatible with a number of Signet sensors and 
empowers users to adjust all the permissible parameters existing in the sensor. Figure 17 
shows the diagnostic tool employed in this project, while Figure 18 depicts a flowchart 
of the Magmeter connection. 
 
Figure 17: Signet 3-0250 USB [12]. 
 
Figure 18: The Connection between Signet 2551 Magmeter and PC via 3-0250 USB [12]. 
47 | P a g e  
 
On completion of connecting process to the PC, the +GF+ software can be accessed. 
Then, using the key menu, the sensor that requires to be arranged can be chosen. Figure 
19 demonstrates the front view of the +GF+ software. 
 
Figure 19: Georg Fisher (+GF+) Software front view. 
The input information associated with the pipe and application preferences can be set in 
the application settings. Via the loop settings field, the new span can be introduced, and 
the performance setting can be configured by the unique conditions in the pipe. Averaging 
time is one important feature that can be changed and depends on flow speed. The 
averaging time setting in this software dictates the running time over which the Magmeter 
will average the flow rate signal. If the speed of flow during the process is constant, the 
averaging time should be aligned in an elevated value to decrease the error, however, with 
variable flow speed, a small time is preferable. The installed software can spontaneously 
discover the sensor. The control tab is used to select a new setting, set current settings, 
save a file (*.bdf format) and return the sensor to factory settings which might be utilized 
by future student. For further details see appendix A (Table A.1 and A.2). 
 
48 | P a g e  
 
3.3.4 General GF+ software Operation   
As can be grasped from Figure19, GF+ software offers five buttons which can be 
summarised as follows:   
Read: In order to load the data required from the Signet 2551 whether a sensor or 
transmitter, read button should be pressed. This will lead to update the software display 
and overwrite any changes made since the last write. Then the sensor will read values 
from the Magmeter into this setup display. 
Write: After entering the desired setting changes in software screen, click this button to 
copy and load all the new setup made in the setup display into the Magmeter. 
Save: This button was designed to save and store the configuration of software setting for 
later use. Upon pressing, this button will be asked to provide a file name and select a file 
location.  
Load: This button means to open saved setting configuration files into a display. The user 
selected file will be verified by software if it is the correct type of file or not. 
Factory: This button can restore software application and performance of the 
configuration settings to original factory values. 
3.3.5  Location of Fitting 
To prevent the sensor exposure to air bubbles at any time, the installation of 2551 Signet 
Magmeter is required to ensure that the pipe is always kept filled with water and a fully 
developed turbulent flow profile. This is because in case the air pockets enter the piping 
system, it will lead to disconnect between the sensor and the electrodes. Nevertheless, the 
Signet was found installed in the wrong position compared with manufacture 
recommendation as can be seen in Figure 20. The previous pipe position was not allowing 
the pipe line to be fully filled with water, which meant that when the system is in 
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operation, it would not protect the sensor from the exposure to air bubbles. The horizontal 
setup for the new position was made of pipes and to follow the manufacturer 
recommendation the pipes were connected in a U-shaped construction. 
 
Figure 20: The pipe fitting for recommended by the Manufacture. 
 
3.3.6  General Installation and Grounding Tips 
 In order to eliminate electrical interference that could have happened during operation, 
the ground terminal on the outside Signet housing was connected internally to the 
grounding ring as reflected in Figure 21. The manufacturer has made recommendations 
on how to reduce signal interference in the flow transmitter signal from electrical noise. 
As a precautionary measure against electrical noise, the ground terminal on the outside 
Signet housing was connected internally to the grounding ring. Then a wire 4mm2 was 
connected directly from the terminal to ground as shown in Figure 21. 
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Figure 21: Layout of Signet Grounding at the engineering building. 
 
3.3.7 Reference Standard 
The measuring instrument devices are one of the essential parts of the measurement 
process. Therefore, the selection of the standard instrument devices has to be done 
carefully. The selection of the standard should be compatible with the characteristics and 
performance of the instrument device needs to be tested. The incorrect selection will lead 
to a wrong indication, which would result in an inappropriate selection of the instrument 
device. In this project, Promag-10 has been selected to be a reference for the calibration 
experiments as signified in Figure 22. The velocity range of Promag-10 is from 0.01 m/s 
to 10 m/s which implies that this range will cover the experiment range (0.05m/s to 10 
m/s). The recommended range for half-inch diameter is 4 to 100dm3/min (4-100 L/min) 
as shown in Table A.3 (Referring to Appendix A). As mentioned above, the range of this 
project is 0-120 L/min (4 to 100dm3/min ), hence, the manufacturer was contacted and 
asked if it was possible to go further than Promag limit and he confirmed that the Promag-
10 continues to measure flows outside the normal range.  
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Figure 22: Reference Magmeter 9Promag-10). 
 
3.3.8 Valves 
In this experimental construction, two valves were used for regulating flow input in a 
pipeline during the operation. The first one was installed in outlet drain line (bypass valve) 
and called as gate valve, while the second one was installed close to Promag-10 and called 
as globe valve. Globe valve has a good throttling ability which means it can close the 
flow path completely. In this project, the globe valve was used to control the input process 
variable, while the gate valve was used in the bypass line to drain the water to tank as can 
be seen in Figure 15. 
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3.3.9 Pressure Transmitter (PT) 
The pressure transmitter comprises of a piezoresistive measuring cell installed in a 
stainless steel enclosure. A Siemens AG SITRANS P200 pressure transmitter was used 
for the experiment. The selection of this transmitter was based on it is range and the 
resolution and after confirming that it is appropriate for the process of this project. 
The transmitter has an absolute measuring range for the output which is between 0 to 2.5 
bar (gauge). The pressure transmitter has an accuracy of 0.25% full-scale value. And the 
output signal between 4 and 20 mA [32]. See Appendix A (Table A.4) for further details.  
 
3.3.10 The Centrifugal Pump 
The centrifugal pump is used to increase the energy of the fluid by the mechanical work 
done by the pump. It is designed for liquids with relatively low viscosity such as water. 
For engineering work, metres of water (head pressure) is used as the unit of energy per 
unit volume. The Bernoulli’s equation says that the total energy of a fluid in a container 
or flowing in a tube has three parts; pressure energy, kinetic energy and potential energy 









2 + ρgh2    (19) 
Where,  
P1: Input Pressure Head (watt). 
P2: Output Pressure Head (watt). 
v: velocity of the fluid (m/s). 
ρ: density of the fluid (kg/m3). 
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The pump curve (Figure 23, Green line) shows how the energy of the fluid changes with 
flow rate. This project has a maximum design volumetric flow rate of 120 L/min, but the 
Ajax pump is able to produce a minimum flow of 6 l/s (360L/min) at 40 mH2O ( Figure 
23, Red line) For full drawing see Apendex A (Figure A.1). This means that the process 
of this project needs bypass valve and VSD to manage the excess of the volumetric flow. 
 
Figure 23: Pump E65-32 Performance Curve (Elite) [34]. 
 
3.3.11 PowerSpout Generator  
A Pelton hydro turbine PowerSpout generator was adjacent to the pressure transmitter. 
The power generated from the PowerSpout Generator was directed to the instrumentation 
cabinet. The rated speed of the generator was 669 RPM with an expected maximum speed 
of 3000 RPM. The rated volts loaded to the generator were 80V as it unloaded 123V. An 
earth connection was made on the generator for protection [35]. The pressure head for the 
generator was 14m (×10 kPA) with a flow of 2.0 l/s. The flow to the generator was 
controlled by the pressure transmitter. 
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3.3.12 Instrumentation Cabinet 
The instrumentation cabinet was the final component of the experiment. It has connecting 
cable from the top that links it to the power input from the PowerSpout Generators as 
depicted in Figure 24. The essence of the instrumentation cabinet is to convert the high 
voltage power generated from the PowerSpout which exits through the 24 VAC power 
outlets.  Inside the cabinet is a power supply transmitter that helps power the system. The 
power system also has a four cabin relay board contained in the instrumentation cabinet. 
Input and output data is transmitted using the USB-6218b Data Acquisition (DAQ) card. 
The DAQ connects to the Signet Magmeter and Pressure transmitter respectively with an 
input of ai 23 and ai 24 respectively. A voltage-current converter is connected alongside 
the field instrumentation system that measures liquid flow. Below the field 
instrumentation system is a connection from high power cabinet. Immediately below the 
instrumentation cabinet is the 24 VAC power outlets.  
The instrumentation cabinet used a Schneider RMCN22BD Analog converter to translate 
the DAQ Card Analog Voltage into 4-20mA current signal.  The converter was based on 
IEC 60584-1 and IEC 60947-1 standards which was mounted on the instrumentation 
cabinet through DIN Rail. The converter handles a 24 VDC supply voltage. The Analog 
input type voltage for the converter was Voltage 0-10 VDC while the current signal was 
Current 4-20 mA.  
The USB-6218 DAQ is used instead of the USB 6008 DAQ which had a limited range. 
The USB-6218 only accepts voltage signal implying that the 4-20mA signal has to be 
converted to the voltage using the Analog converter. The USB-6218 is powered by USB 
2) since it lacks an external power adaptor. The DAQ card is connected to the computer 
system using a USB cable. Real-time data was enabled through the connection of the 
USB-6218 DAQ to the LABVIEW software in the computer system that was adjacent to 
the instrumentation cabinet.  
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Figure 24: Instrumentation Cabinet. 
 
3.4 Software of project  
3.4.1  The LabVIEW monitoring program. 
The laboratory Virtual Instrument Engineering Workbench (LabVIEW) is programming 
software that makes it simple to acquire and process data from the sensors through the 
NI-DAQ cards. The instrument can be used to measure, monitor and control the whole 
system. The programming language for this system utilises a block diagram window and 
a front panel window.  
The front panel window will provide to the operator a human-machine interface that will 
not require the details of programming. The block diagram window will enable an 
operator or engineer to interpret the logic behind the different inputs and outputs 
associated with it.  The digital outputs can be operated by using the switches from the 
front panel. 
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3.4.2 NI Measurement and Automation Explorer (MAX) 
NI Measurement and Automation Explorer (NI MAX) is a software program usually 
installed with one of the hardware product drivers such as NI-DAQ, or with one of the NI 
application development environments such as LabVIEW. NI MAX can provide access 
to National instruments such as NI-DAQ, NI Switch Executive and Modular Instruments. 
It can read the configuration of National Instruments hardware and software to determine 
which devices are configured. In order to inform devices and instruments connected to a 
system and to check the configuration of DAQ cared, NI MAX software was used in this 
project as indicated in Figure 25. NI MAX was used to test a DAQ card and check the 
output signal of the test. The output voltages of this project were checked and verified by 
using NI MAX program. Also, it can be checked by use LabVIEW, which means 
LabVIEW program needs to be improved in the future. 
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3.5 Methods: 
In order to measure and calibrate the inflow of hydro turbine three experiments have been 
carried out, which allows to assess the instrument devices and select a suitable one. 
Firstly, the two available pressure transmitters were calibrated to verify if their range falls 
within the required pressure range of this project. Secondly, the flow rate measurement 
experiments were carried out for Signet flowmeter and pressure transmitter with pipe 
diameters (50mm). This was done to evaluate their performance compared to a reference 
standard and verify the effectiveness of velocity across test pipe. Then, the pipe fitting 
proved to be incompatible with Signet flowmeter, thus 25mm pipe fitting was replaced to 
minimise the error that was found. The third part was to implement LabVIEW to record 
and display flow and pressure heads (Head1 and Head 2) to compare the theoretical data 
with result experiment monitored through LabVIEW. 
3.5.1 Experiment one: Selection of measuring instruments devices through the 
calibration. 
Before installing any new instrument device, the calibration methods should generally be 
followed. In such situations, action can be taken as described below: 
• Firstly, the range and the resolution should be checked to see whether they are 
appropriate for the process or not. The accuracy of the instrument is also 
important to be checked to see whether it satisfies with instrument 
requirement. 
• If the instrument’s accuracy is less than the calibration results, replacement 
with an appropriate one is required to avoid affecting the quality of the 
product. 
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In terms of selecting a suitable instrument devices which can be installed in this project, 
a calibration on the bench has been done for two pressure transmitters with a range (0-
1.6 barabsolute) and (0-10 bargauge). The calibration ensures that the instruments are 
effective and do not result in degradation of performance. This calibration is useful to 
know what is the pressure required in the measurement process and will be helpful to 
know whether can be used in this project or not as it is dependent on their range. 
3.5.1.1 Summary of the calibration process 
A pressure transmitter (0-1.6 barabsolute) is calibrated using a master pressure gauge. The 
pressure transmitter to be calibrated is connected to a master pressure gauge as shown in 
Figure 26. Pressure has been applied to a master pressure gauge at predetermined pressure 
increments over five-point calibration operating range. The values were recorded by using 
Fluke 744 multi-function calibrator and were compared to corresponding values indicated 
by a master pressure gauge at each pressure increment. 
3.5.1.2 Apparatus 
• A master pressure gauge calibration 
• Equalizing valve manifold 
• Precision air regulator 
• Fluke 744 multi-function calibrator 
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3.5.1.3 Pressure Transmitter calibration procedures: 
1. Firstly, the apparatus was placed as shown in Figure 26. 
 
 
Figure 26: Pressure Transmitter calibration setup Diagram. 
2. A master pressure gauge calibration was used as a reference standard. 
3. Then, the equalizing valve manifold was checked and ensured that it was 
connected to pressure supply and precision air regulator.  
4. The pressure was applied to the pressure gauge and the precision air regulator 
was published to control the pressure percentage through the master pressure 
gauge. 
5. Thereafter, a pressure lower range (0% Span) was adjusted to test line (it 
showed 4 mA which means it corresponds to 4 mA in the transmitter output). 
6. Fluke 744 Multi-Function Calibrator was connected to pressure transmitter, 
and the output signal of the transmitter in mA was recorded for a lower range 
pressure [0% bar]. 
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7. Steps 5 and 6 were repeated and pressure was applied to pressure gauge in 
increments for another four-point calibration (25%, 50%, 75%, and 100%). 
8. Next, the values of pressure indicated by a pressure gauge and the 
corresponding values of the output signal in (mA) through pressure transmitter 
were recorded for every point. 
9. Finally, the pressure transmitter was calibrated at five-point calibration points 
in the decreasing order (100%, 75%, 50%, 25%, and 0%). 
3.5.2 Experiment Two: 2551 Signet Flow (25mm Pipe Diameter1)  
The methods for experiment two are outlined below in the following procedures: 
1. First, the apparatus was placed as shown in Figure 27. 
2. To ensure that there are no air bubbles trapped to the Signet sensor the pipe fitting 
was fixed as shown in Figure 27 and Signet 2251 Magmeter was installed as per 
the manufacture manual. 
 
Figure 27: 25 mm pipe fitting. 
                                                 
1 Initially a 50mm diameter pipe fitting was selected but this proved to be incompatible with the flow meter. 
See Appendix A for further details. In order to minimise the error was found, 25 mm was used in this project 
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3. Thereafter, cables installation and protective grounding from instrumentation 
cabinet to Signet Magmeter were checked, and the power supply was verified. 
4. Then, the connection between the Signet sensor and the PC was established by 
using the USB configuration tool and run the software as demonstrated in Figure 
28. 
 
Figure 28: +GF+ software configuration [12]. 
5. Next, the configuration of +GF+ software was adjusted based on software manual 
and manufacture recommendation to ensure obtain accurate flow rate reading as 
shown in Figure 29. 
 
Figure 29: The configuration for pipe fitting 25 mm under test. 
62 | P a g e  
 
6.  Pressure transmitter (0-10 bar) was installed, and the wiring connection was 
fixed. As can be seen from Figure 30 that the pressure transmitter has four pins. 
Pin 1 was used to connect supply input, and pin 2 was grounded as per 
manufacturer recommendation. 
 
Figure 30: Danfoss MBS 33 pins layout. 
7. In the instrumentation cabinet, the fluke 744 multi-function calibrator was 
connected to pressure transmitter output to record the output signal (mA) as shown 
in Figure 31. 
 
Figure 31: The Fluke connected to the output of Pressure Transmitter. 
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8. The water supply pump was turned on as presented in Figure 32. 
 
Figure 32: Water supply pump switch. 
9. The flow rate through Promag-10 (Reference Standard) were changed by 
opening/closing globe valve levels as indicated in Figure 33. 
 
Figure 33: Promag-10 (Reference Standard). 
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10. Stopwatch was used to determine the time (60 seconds) of the Signet Magmeter 
flow rate as shown in Figure 34. 
 
Figure 34: Stopwatch. 
 
11. The signal reading (mA) on fluke 744 Multi-function calibrator were obtained. 
12.  The data of Signet Magmeter flow rate were saved to excel file via +GF+ 
software by clicking the save log button as shown in Figure 35 and the average of 
60 seconds was calculated. 
 
Figure 35: Monitor Flow rate data. 
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13. Step 9-12 were repeated for different flow rate parentages. The flow rates for each 
percentage were controlled and adjusted by utilising both the gate valve and globe 
valve under the pipe test as shown in Figure 36. 
 
Figure 36: The gate valve (Left) and Globe Valve (Right). 
14. Lastly, all data were recorded, and the graphs of flow rates were measured for 
both pressure transmitter and Signet 2551 Magmeter against a reference standard. 
3.5.3 Experiment Three: LabVIEW Implement to monitor Flow & Pressure 
Heads. 
3.5.3.1 LabVIEW monitoring program. 
In this project, LabVIEW program was used to monitor the flow rate (L/min) and pressure 
(bar) by using Signet Magmeter and pressure transmitter respectively. Both transmitters 
were connected to DAQ card in the instrumentation cabinet by using two analog input 
connection ai 23 and ai 24. Then, to measure head losses, another experiment has been 
conducted by installing another pressure transmitter (0-10 bar) in proximity with the 
pump. Later on, analog input connection ai19 was used to communicate between this 
pressure transmitter and LabVIEW through the DAQ card as shown in Figure 37.  Table 
3 presents a description of analog input connections in a differential mode made during 
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this project. It is providing the pin number used correspondingly with their analog input 
and transmitter sensors. 
 
Figure 37: USB-6218 DAQ card connection. 
 
Table 3: Analog Input connection. 
Analog Input connections (Differential) 
S. No Pin. No 6218 Input USB Pin. No Name of input transmitter 
1 53 ai-19 54 Pressure Transmitter 1 (0-10 bar) 
2 56 ai-20 57 Flow downstream (To turbine) 
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4 
                         
Chapter 4: Results and Discussion 
 
4.1 Experiment one: Selection of measuring instruments devices through the 
calibration. 
Pressure transmitter PT1 measures the head pressure in front of the turbine nozzle. This 
transmitter has a pressure range of (0-1.6barabsolute) and produces a 4-20mA output 
signal. Calibration results (Figure 38) showed that this transmitter is very linear. The 
initial 14mA output at no flow is because of atmospheric pressure (absolute pressure). 
 The first experiment tried to determine if the pressure transmitter range was suitable for 
the project. The project expected a maximum rate flow of (120 L/min) at theoretical 
pressure2 of 1.25 bar (gauge) or 2.25 bar (absolute).  
The measurement test showed the maximum theoretical flow that can be measured by this 
transmitter is 84 L/min at a nozzle pressure of 1.6 bar (absolute) or 0.6 bar (gauge) since 
atmospheric pressure is equal 1 bar3.  
                                                 
2 For calculation of theoretical nozzle pressure see Appendix B 
3 For calculation of atmospheric pressure see Appendix B 
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Figure 38: The output signal (mA) of PT (0-1.6_absolute) against pressure gauge (Kpa). 
 
The maximum output of the pressure transmitter was reached at 84 L/min, and so at this 
point the experiment cannot continue since the measurement of higher flows are out of 
range.  
Figure 39 shows the comparison between the actual and the theoretical discharge flow. 
The actual discharge (Measured) is less than the theoretical (The Calculated) value due 
to two reasons. First, the velocity of the jet is less than as given in the theoretical equation 
(6), because of frictional losses. The Second reason is the path of the particles of the liquid 
converge on the orifice so that the area of the issuing jet is less than the area of the orifice 
(vena contracta) as illustrated in Figure 40 [30]. See Appendix B for further details 
(Referring to Table B.2) 
 





























Pressure  Gauge (Kpa) [Reference]
The output signal (mA) of PT (0-1.6_absolute) Against pressure 
gauge (Kpa)
PT (0-1.6_absolute) (mA)
Linear (PT (0-1.6_absolute) (mA))






































Flow (Q)  [L/min]
Head Comparison between Head 1 (H1) [Calculated] and 
Head 2 (H2) [Measured]. 
Head 1 (mH2O) [ Calculated ]
Head 2 (mH2O) [ Measured ]
 Figure 39: Comparison of Heads between theoretical [measured] and experimental 
results. 
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The next step was to calibrate the second available pressure transmitter. At that time, the 
pressure transmitter (0-1.6 bargauge) was a possible replacement that was available in the 
Murdoch University. Upon conducting the same calibration experiment as on the 0-
10 bargauge pressure transmitter, the maximum gauge pressure was established 250 kPa 
with a maximum span PT of 24.8% (Referring to Table 3).  The range on the pressure 
transmitter (0-10) bar was too high considering the maximum gauge pressure of 1.26 bar 
that was a prerequisite for this project.  The use of an inappropriately calibrated pressure 
transmitted can lead to errors and instability in operation. There was a need to replace the 
pressure transmitter (0-10) bargauge to avoid instability and errors in the experiment.  
Another pressure transmitter from 0-2.5 bargauge was sourced from outside the university 
and was used in the third experiment. The maximum gauge pressure was established at 
225 kPa and a span PT of 90.9% (Referring to TableB.4). The smaller range and higher 
span PT promised more reliable results for the experiment. 
4.2 Experiment Two: 2551 Signet Flow transmitter Methods [Pipe Fitting 25 mm]: 
The accuracy of a measured instrument device (Signet 2551) was checked with the 
instrument being used as a reference (Promag-10). The goodness of the fit shows that the 
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Figure 41 reflects a comparison of the Signet 2551 flow against the reference for Promag-
10 flow rate. The Y-axis in the figure depicts the readings of the Signet 2551 flow, while 
the X-axis depicts the Promag-10 flow rate. The gradient of the comparison graph was 
almost equal to 1 as indicated by the goodness of the fit. The goodness of the fit, 𝑅2 =
0.9999 , was almost equal to 1, indicating that the Signet 2551 only had a slight deviation 
from the reference point. The slight deviation in the goodness of the fit can be explained 
to the errors in running the experiment. Few measurement points in the experiment had 
some errors like the flow rates of 78, 108 and 114 L/min. The maximum error recorded 
for the experiment was 0.87 %. If all the deviations are attributed to experimental error, 
then it implies that the Signet flow should be 100% identical to the Promag-10. A high 
level of accuracy to the reference point suggests that the Signet 2551 flow rate is ideal for 
use in this project because of its accuracy. For the full data set corresponding to table C.1 
(See Appendix C). 
 
























































Promag-10 Flow [L/min] 
(Direct Measured, Digital) Signet flow [L/min] against Promag-
10 [L/min] (Reference)
Promag10 Flow [L/min]
Linear (Promag10 Flow [L/min])
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Indirect measured, analog PT flow against the reference point showed the outcome in 
Figure 42. The indirect measured flow transmitter showed a linear relationship with the 
reference. The gradient of the graph declined slightly than that of the direct flow against 
the referent. The indirect flow PT was at, R2 = 0.9996  goodness of the fit compared to 
the direct flow goodness of the fit of R2 = 0.9999. The slight difference in the line of 
goodness of the fit can be attributed to the conversion of the output signal to flow rate. 
As observed from the data gathered from the two transmitters, the indirect flow rate PT 
has a 0.0003 difference with the gradient of the direct flow rate. The assumption of the 
less than perfect comparison rate can, therefore, be attributed to experimental error and 
the conversion error. For the full data set corresponding to table C.2 (See Appendix C). 
 
























































Promag-10 Flow [L/min] (Reference)
(Indirect Measured, Analog) PT Flow [L/min] against Promag-10 [L/min] 
(Reference)
(Indirect Measured,Analog) PT Flow [L/min]
Linear ((Indirect Measured,Analog) PT Flow [L/min] )
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The direct measured, analog FT was plotted against the Promag-10 as referred in Figure 
43. The Signet flow for the direct flow had a gradient of 𝑅2 = 0.9998. The difference 
between the Signet Analog, Signet digital and pressure transmitter was negligible. The 
pressure transmitter was the lowest in rank when measuring the respective pressure, the 
close call in measurement provides the possible use of the pressure transmitter and Signet 
Magmeter can be used interchangeably when measuring the downstream flow rate. The 
Signet digital and Analog had better accuracy than the pressure transmitter. The probable 
reason for the lower accuracy in the pressure transmitter is the conversion problem. Since 
the Signet Magmeter requires no theoretical involvement in determining readings, it 
showed a high accuracy level. The pressure transmitter was less accurate when compared 
to the others and yet the deviation was not significant.  With the installation of the new 
pressure transmitter, the indirect Signet current mA was plotted against the Promag-10.  
The gradient in the new measurement was 1 implying that the final calibration of the flow 
meter was more accurate. 
 


















































Promag-10 Flow (L/min) (Reference)
(Direct Measured, Analog) Signet Flow (L/min) against 
Promag-10 (L/min) (Reference)
(Direct Measured, Analog) FT Flow Q [L/min]
Linear ((Direct Measured, Analog) FT Flow Q [L/min] )
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4.3 Experiment Three: LabVIEW Implement to monitor Flow & Pressure Heads. 
Table 4 shows the pressure measured through pressure transmitters (Head 1 and Head 2) 
overflow rate. The head loss was obtained by calculating the difference between Head 1 
and head 2. 
 
Table 4: The head loss through pressure transmitter 1 and 2. 
Reference 
Pressure Transmitter 1 (0-10 
bar ) 









Head 2  
(bar) 




0 0 0 0 0 0 
30 0.23 2.32 0.08 0.77 1.55 
60 1.31 13.35 0.32 3.21 10.14 
90 2.85 29.05 0.71 7.28 21.77 
120 5.28 53.82 1.23 12.49 41.34 
 
LabVIEW was used to calculate the head losses for flow in the range 0-120 L/min. The 
pressure transmitter 1 (0-10 barGauge) provided the necessary details in the LabVIEW to 
enable the calculation of head l.  Head 2 was measured using pressure transmitter 2 (0-
10 barGauge) and was computed through the theoretical calculation. The head loss was 
computed through the subtraction of head 1 from head 2. The Head 1 (bar) had a 
maximum of 5.28 and head 2 (bar) had a maximum of 1.23. Head H1 (mH2O) had an 
identified maximum of 53.82 while the head H2 (mH2O) had a maximum of 12. 49. The 
results indicate that the maximum head loss would be 41.34 mH2O. 
For laminar flow, head loss is proportional to the fluid velocity and for turbulent flow, 
head loss is proportional to the square of the fluid velocity [36]. Figure 44 represents the 
relationship between head loss and fluid flow. The Darcy equation says that the head loss 
is propositional to the square of fluid velocity. 
Experimentally proven Darcy equation as observed states that an increase in fluid flow 
leads to an almost proportional increase in head loss. The curve is presented as a parabola 
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shape, and Line-of-best-fit confirms the quadratic behaviour. The line of goodness of the 
fit has a gradient of 0.999 which implies that the fluid flow is turbulent due to the resulting 
head loss in the operation (Referring to Table D.3). 
 
Figure 44: Head Losses in the pipe (m H2O) against Flow rate Q (L/min). 
 
As can be seen from Figure 44, the head losses increase by increasing the flow and that 
because the greater flow means more turbulence will be obtained in the pipe, so it will 
lead to increase in the friction associated with losses.  In other words, if the system is fast, 








































Head Losses in the pipe (m H2O)  against Flow Q (L/min)
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The input power was assessed against the flow of the process and the measurement was 
designed to verify the theoretical equation (  P α Q3). The analysis in Figure 45 was 
proven that a proportional relationship exists between input power and flow. The 
relationship had a line of best fit with the gradients, R² = 0.9998.  
 
 
Figure 45: The power obtained in the experiment. 
 
4.3.1 Total Efficiency (%) 
The electrical power measurement test of the turbine (Pelton) is not accompanied as a 
part of this scope work. However, online manufacturer calculator was used to obtain 
predicted power output which gave fluid power available. Thus, in order to achieve the 
power output, the minimum pipe length (3 metre), maximum flow (2 l/s) and the 
maximum head 12.8 m H2O were entered in the calculator. Figure 46 shows that the 
predicted power output was calculated to equal to 113 Watt. The power input (theoretical 
power) was calculated by using the following equation [37]:  
Ptheoretical = ρ g h Q 
































Estimated Input Power (W) against Reference flow Q  
(L/min)
77 | P a g e  
 
From experiment two results, the head of the maximum flow rate (120 L/min) was found 
equal to 12.8 mH2O. Hence, the theoretical power can be found as follows: 






 ∗  12.8 mH2O ∗ 0.002 
 m3
s
=  251 W. 
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 𝑥 100 




 x 100 = 45% 
In order to check the overall efficiency of the turbine, Table 5 was used to compare 
between what has been found experimentally and the manufacture’s stated efficiency. 
This table was provided by PowerSpout manufacture . 
 
In order to determine the overall efficiency by using Table 5, two main things need to be 
obtained; operating pressure net dynamic head in Feet of water (Feet H2O) and nozzle 




inch. The dynamic head was found equal to 12.8m H2O, which means the unit of the head 
should be converted from m H2O to feet H2O and this can be done by using the following 
equation: 
1 Metre of water = 3.2808 Feet of water 
12.8 mH2O = 12.8 x 3.2808 = 41.99 Feet H2O 
The diameter of nozzle =13.7 mm  
13.7 mm = 0.5 inch  
  Table 5 indicates  that the efficiency of 
1
2
 inch diameter nozzle and 41.99 Feet H2O 
(12.8mH2O) of net head equal to 40-42 % efficiency, while 45 % efficiency was found 
by using equation (10),  
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Table 5: The output of power (W) and flow in GPM per nozzle efficiency [39].  
  
The manufacture’s stated efficiency on the fair range for 12.8 mH2O head lies between 
40-49% (40% ≤ η ≤ 49%). 
The maximum and minimum estimated electrical power output can be found as follows: 
Pmax = 49% x 251W = 123W 
Pmin = 40% x 251W = 104W 
Therefore, the range of power must be found: 104W ≤ Pest ≤ 123W. 
The Pelton turbine nameplate (Figure 47) states that the maximum electrical power is 
123W. This clearly implies that although the range so obtained from the experiment is at 
a higher extreme of the estimated range, the estimated power output can still be chosen 
as this falls within the acceptable estimated range. 
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Figure 47: PowerSpout Specification Plate. 
4.3.2 The comparison of Flow Q (L/min) against overall efficiency of Turbine. 
The increase in fluid flow increases overall efficiency. That was proven when the 
reference flow was compared to the efficiency. At the highest reference flow of 120, the 
maximum efficiency of 45% was obtained (Referring to Table D.5). The gradient of the 
experiment as demonstrated in Figure 48 was close to proportional at R² = 0.9745.  
 
































Flow rate Q [L/min]
Overall Efficiency () against Flow Rate (Q) 
Overall Efficiency
Linear (Overall Efficiency)
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4.3.3 LabVIEW Software and Interface 
A USB-6218 was used in this project and connected to the computer system through a 
connector cable. The cable is connected between USB-6218 QAQ card, which was 
installed in the instrument cabinet and the LabVIEW program is running in the closest 
computer to instrument cabinet. Table 6 throws light on the description of analog input 
connections in a differential mode made during this project. It is providing the pin 
numbers used corresponding with their analog input and the transmitter sensors. In this 
project, three analog input channels were performed.  
Table 6 : Analog Input connection. 





6218 Input USB 
Pin. 
No 
Name of input transmitter 
1 53 ai-19 54 Pressure Transmitter 1 (0-10 bar) 
2 56 ai-20 57 Flow downstream (To turbine) 
3 63 ai-23 64 Pressure Transmitter 2 (0-2.5 bar) 
 
As mentioned earlier in section 3.4.1 the front panel window is providing a human-
machine interface. In this project, the front panel was implemented to be able to indicate 
most important parameters of flow measurement such as the flow rate, flow velocity, 
output signal, head, and the pressure as can be seen in Figure 49. The front panel also, 
offers terminal configuration, voltage range and channels setting as indicated in Figure 
50. DAQmx read (Analog 2D DBL) block was used to enable the user to add more 
channels in future.  
In order to examine the LabVIEW program and compare this program results with 
measured values found in the second experiment, the pump was run, and the input flow 
through Promag-10 (a reference) was adjusted to be 120 L/min as shown in Figure 51. 
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Figure 52, Figure 52, Figure 53 and Figure 54 are the indicators that were implemented 
through this software showing that there is consistency and confirmed that this program 
can be used in the future with high performance and resolution.  
83 | P a g e  
 
 
Figure 49: Block Diagram_ Analog Input. 
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Figure 50: Human Machine Interface (HMI) Analog Inputs. 
 
Figure 51: Input flow of a reference at 120 L/min (Reference). 
 
Figure 52: Block Diagram Flow of PT2 and 2551 Signet Magmeter. 
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Figure 53: Front Panel of output signal (mA). 
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5 
                         
Chapter 5: Conclusion 
 
Calibration involves establishing a comparison between the reading devices in use and 
that of the established standard. The project established relationships with interrelated 
measurements since the measurement and flow based calibration depended on several 
operations. Also, calibration is essential to increase the accuracy of operation.  
The results showed that the measurement for the direct flow and the indirect flow 
instruments was appropriate based on the referencing standard. The direct flow measure 
was assessed using the Signet while the indirect flow was assessed using the pressure 
transmitters. The measurement of the instruments devices produced a near perfect 
measure to the reference point in all the measurement criterion. All the measurements had 
a more than 0.999 gradient when compared to the reference standard. The digital 
measurement was done through the Georg Fisher (+GF+) software.  
LabVIEW software was implemented, and the results were compared to the data obtained 
from theoretical calculation. LabVIEW software can prove to be quite beneficial in flow 
rate measurements with a high degree of accuracy and reliability. 
The assumed overall efficiency of the PowerSpout generator was found in this project. 
And compared with assumed an efficiency given by the manufacturer. From experimental 
work, the fluid power into the hydro is known.  A predicated online calculator was used 
the power output was found. This value agrees with the nameplate power (104-123 W). 
The estimated power output can still be chosen as this falls within the acceptable 
estimated range. And the efficiency is probably in the range stated by the manufacturer. 
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Future Work: 
Due to time constraint, there is a potential improvement that can be applied to carry out 
the existing project. Figure 55 signifies the suggested work in red color, while the black 
color indicates the tools that have been already installed (For full drawing see Apendex 
E). An uncompleted task can be summarised as the following: 
 
Figure 55: Proposed Pico hydropower piping system. 
 
5.2.1 Pressure Safety Valve (PSV) (4-20mA) installation 
In order to control and maintain the pressure to be suitable for this project while running 
the process, Pressure Safety Valve (PSV) shall be required to be installed. The PVS is 
available, and all the connection is ready to be used and wired to instrumentation cabinet 
[40]. LabVIEW program can be used to control PSV. Schnider RMCN22BD Analog 
converter was used to convert the output of analog voltage (0-5 V) from installing DAQ 
card into an applicable signal because PSV has input signal 4-20 mA. 
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5.2.2 The sensor for the Upstream Flow. 
In order to control the overhead tank level, a flowmeter is required to be installed. This 
will allow the flow to the overhead tank to be measured and implemented into the control 
system. 
5.2.3 Upstream flow Pressure Transmitter 
When installing the upstream flow pressure transmitter, considerations for upstream 
obstructions should be paid attention to. The obstructions can lead to an above 50% error. 
Piping is an essential aspect when installing the upstream meter. Generally, a five 
diameter piping is expected to increase the accuracy of the upstream meter. The 
configuration of the piping will impact the meter reading. The piping insertion has to be 
in good condition to optimise the meter reading. The upstream insertion meter requires 
25 to 50 diameter pipe for insertion according to ISO 7145 [40].  
5.2.4 Weir design for influx system into the turbine 
Hydropower project at Murdoch University has open channel structure flow, and as per 
discussions in chapter two in order to have an extra measurement method, there is a 
method called as “Bucket method” to measure the inflow of turbine and can be performed 
by design weir. In this project, A V-Notch weir shape was found to be having the best 
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Appendixes 
Appendix A: Instrumentation Devices Information. 
                  Table A.1: The application setting of +GF+ Software. 
 
                  Table A.2: Signet 2551 specification. 
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        Table A.3: Promag-10 Datasheet for measuring ranges of liquids. 
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Figure A.1: Pump E65-32 Performance Curve (Elite) [33]. 
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0 0.0% 0 0.0017 3.949 4.002 0.013% 0.001 0.01 4 
6 5.0% 5 0.0424 3.951 4.004 0.025% 0.002 0.03 5 
12 10.0% 10 0.0861 3.965 4.018 0.113% 0.011 0.11 11 
18 15.0% 16 0.1391 3.992 4.045 0.281% 0.028 0.29 18 
24 20.0% 22 0.1881 4.025 4.078 0.488% 0.049 0.50 24 
30 25.0% 29 0.2432 4.070 4.123 0.769% 0.077 0.78 30 
36 30.0% 35 0.2997 4.120 4.173 1.081% 0.108 1.10 36 
42 35.0% 42 0.3531 4.190 4.243 1.519% 0.152 1.55 42 
48 40.0% 44 0.3716 4.270 4.323 2.019% 0.202 2.06 49 
54 45.0% 50 0.4253 4.350 4.403 2.519% 0.252 2.57 54 
60 50.0% 60 0.5055 4.450 4.503 3.144% 0.314 3.20 61 
66 55.0% 64 0.5408 4.560 4.613 3.831% 0.383 3.91 67 
72 60.0% 69 0.5878 4.670 4.723 4.519% 0.452 4.61 73 
78 65.0% 75 0.6352 4.790 4.843 5.269% 0.527 5.37 79 
84 70.0% 82 0.6930 4.640 4.693 4.331% 0.433 4.42 71 
90 75.0% 88 0.7455 5.080 5.133 7.081% 0.708 7.22 91 
96 80.0% 94 0.7968 5.250 5.303 8.149% 0.814 8.30 98 
102 85.0% 99 0.8410 5.410 5.463 9.144% 0.914 9.32 103 
108 90.0% 106 0.8991 5.590 5.643 10.269% 1.027 10.47 110 
114 95.0% 111 0.9416 5.770 5.823 11.394% 1.139 11.61 115 
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Figure A.4 shows a comparison of Flow rates across Signet 2551 (Digital) and Pressure 
Transmitter with promag10 which was used as a reference standard.  In the plot, the 
results are showing that both of flow rates have a similar trend compared with the 
reference standard. As can be seen from graph both flow rates had a linear which mean 
there is direct the relationship between both measuring devices and a reference device. In 
other words, both flowrates increase as the actual flow rate of reference standard increase. 
However, at flow 84 L/min of Promag-10, the flow rate of pressure transmitter deviated 
from actual flow rate as shown Figure A.5 was 71 L/min. This could be happening due to 
the friction of piping during the operation. 
 
















































y = 0.9846x - 1.096
R² = 0.9993



































Flow Measurement Comparison - (Direct 
Measured,Digital) Signet, (Indirect Measured,Analog) 
Pressure Transmitter (PT)
(Direct Measured, Digital) Signet Flow [L/min]
(Indirect Measured,Analog) PT Flow [L/min]
Linear ((Direct Measured, Digital) Signet Flow [L/min] )
Linear ((Indirect Measured,Analog) PT Flow [L/min] )
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Appendix B: Experiment one: Selection of measuring instruments through the 
calibration. 
Table B.1 shows the calibration result of pressure Transmitter from 0-1.6 bar (absolute) 
and as can be seen at 0 kPa pressure gauge the output signal was read 14.13 mA by using 
the below equation to obtain the atmospheric pressure: 
% Span (Current) =
 Reading of Output signal (mA)‐LRV
URV‐LRV
 x 100 
% Span (Current) =
 14.13‐4
20‐4
 x 100 = 63.3% 
Hence, 
Pgauge = 1.6‐patmospher = 1.6‐0.6 = 1 baratm 
Table B.1: Calibration of pressure transmitter from (0-1.6 barabsolute ). 
Pressure  ( Gauge Kpa) PT  Test (Absolute) (mA) PT (mA) Span Expected (mA) 
0 14.13 14.2 4 
5 14.67 14.91 4.8 
10 15.22 15.62 5.6 
15 15.66 16.33 6.4 
20 16.12 17.04 7.2 
25 16.69 17.75 8 
30 17.24 18.46 8.8 
35 17.72 19.17 9.6 
40 18.03 19.88 10.4 
45 18.65 20.59 11.2 
50 19.12 21.3 12 
55 19.74 22.01 12.8 
60 20.27 22.72 13.6 
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Table B.2: The comparison between Head 1 and Head 2. 
Flow (Q)  [ L/min ] Head 1 (m H2O) [ Calculated ] Head 2 (mH2O) [ Measured ] 
0 0.00 0.00 
6 0.02 0.03 
12 0.09 0.04 
18 0.21 0.24 
24 0.38 0.43 
30 0.59 0.70 
36 0.84 1.10 
42 1.15 1.48 
48 1.50 1.98 
54 1.90 2.49 
60 2.35 3.20 
66 2.84 3.78 
72 3.38 4.62 
78 3.96 5.31 
84 4.60 6.09 
90 5.28 7.07 
96 6.00 8.04 
102 6.78 9.20 
108 7.60 10.40 
114 8.47 11.50 












101 | P a g e  
 
How to calculate Pressure Head (bar) and Power (W) 




That means the actual discharge (Q) equal to 120 
 L
𝑚𝑖𝑛
  . This unit is required to be 








∴ 𝑄 =  120 
 L
𝑚𝑖𝑛




The area of pipe diameter is also needed to be found by using the below equation: 






= 0.00014733 𝑚2  












= 13.61 m/s 
The equation of velocity can be expressed as follows: 
 (V) = √2gh 
To find the head above equation need to rearrange 






= 9.43 mH20 
Now find actual head when the actual flow is 120 L/min 
Need to find the theoretical flow that gives an actual flow of 120 L/min 































=  12.96 m H2O   
From Head found above, the pressure can be obtained 
Pressure = 12.96 m H2O ∗  0.0968 bar = 1.26 bargauge 
 
Calculate the coefficient of discharge (C𝑑) from experimental data for Pressure 
Transmitter: 
The coefficient of discharge (C𝑑) is referred to the ratio between the discharge of the 
actual flow and the discharge of theoretical flow. The actual flow could be obtained 
experimentally, while the theoretical flow is calculated [35]. 
In order to find the coefficient of discharge, the following equations can be introduced: 
Qtheoretical = VA 
As mentioned above the range of pressure transmitter was used 0-1.6 barabsolute. 
To convert from absolute to gauge pressure the equation (7) can to be used: 
Pabsolute = Pgauge + Patmosphere 
1.6 = Pgauge + 1  
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Pgauge = 1.6 − 1atmospher =  0.6 bargauge 
Pgauge = 0.6 bargauge x 10.197 = 6.118 mH2O 




==> v = √2gh = √2x9.81x6.118 = 10.956 m/s 
A = 1.4733 ∗ 10−4 m2 
QTheoretical = V. A =  10.956 
m
s













 = 0.865   
As can be seen above the Cd was found equal 0.865 for one measurement, while 0.848 
was found for more data points was taken as illustrates in Figure 37. 
Table B.3: Calibration of Pressure Transmitter from 0-10 bar. 
Test Gauge [kPa] % span_ Test PT 10bar [mA] % span PT 
0 0% 4 0.0% 
25 3% 4.36 2.3% 
50 5% 4.75 4.7% 
75 8% 5.17 7.3% 
100 10% 5.55 9.7% 
125 13% 5.98 12.4% 
150 15% 6.35 14.7% 
175 18% 6.79 17.4% 
200 20% 7.16 19.8% 
225 23% 7.6 22.5% 
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Table B.4: Calibration of Pressure Transmitter from 0-2.5 bar. 
Test Gauge [kPa] % span_ Test PT 2.5 bar [mA] % span PT 
0 0% 4 0.0% 
25 3% 5.56 9.8% 
50 5% 7.14 19.6% 
75 8% 8.87 30.4% 
100 10% 10.33 39.6% 
125 13% 12 50.0% 
150 15% 13.6 60.0% 
175 18% 15.33 70.8% 
200 20% 16.84 80.3% 
225 23% 18.54 90.9% 
 
 




























Therticail Flow Q [L/min]
Coefficient of Discharge [ 𝐶_𝑑 ]
Promag10 Flow [L/min]
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Appendix C: Experiment Two: 2551 Signet Flow (25mm Pipe Diameter). 
 






(Direct Measured, Digital) 
Signet Flow (L/min)  
(Measured) Signet 
Flow [mA] 
0 0.0% 0 4.000 
6 5.0% 6 4.830 
12 10.0% 12 5.610 
18 15.0% 18 6.430 
24 20.0% 24 7.270 
30 25.0% 30 8.000 
36 30.0% 36 8.940 
42 35.0% 42 9.840 
48 40.0% 48 10.410 
54 45.0% 54 11.270 
60 50.0% 60 11.990 
66 55.0% 66 12.820 
72 60.0% 72 13.610 
78 65.0% 77 14.340 
84 70.0% 84 15.270 
90 75.0% 90 16.010 
96 80.0% 96 16.730 
102 85.0% 102 17.490 
108 90.0% 107 18.220 
114 95.0% 113 19.190 
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Analog) PT Flow 
(L/min)  
0 3.950 4.000 0.000% 0.000 0.000 0 
6 3.951 4.001 0.006% 0.001 0.006 3 
12 3.966 4.016 0.100% 0.010 0.102 11 
18 3.992 4.042 0.262% 0.026 0.268 17 
24 4.024 4.074 0.462% 0.046 0.471 23 
30 4.072 4.122 0.762% 0.076 0.777 29 
36 4.133 4.183 1.144% 0.114 1.166 36 
42 4.194 4.244 1.525% 0.153 1.555 41 
48 4.270 4.320 2.000% 0.200 2.039 47 
54 4.356 4.406 2.538% 0.254 2.587 53 
60 4.454 4.504 3.150% 0.315 3.211 60 
66 4.561 4.611 3.819% 0.382 3.893 66 
72 4.672 4.722 4.513% 0.451 4.600 71 
78 4.800 4.850 5.313% 0.531 5.415 77 
84 4.932 4.982 6.138% 0.614 6.256 83 
90 5.093 5.143 7.144% 0.714 7.282 90 
96 5.240 5.290 8.063% 0.806 8.219 95 
102 5.400 5.450 9.063% 0.906 9.238 101 
108 5.562 5.612 10.075% 1.008 10.270 106 
114 5.776 5.826 11.413% 1.141 11.634 113 
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(Measured) Signet  
[mA] 
% Span FT (Direct Measured, Analog) FT 
Flow Q (L/min)  
0 4.00 0.00% 0 
6 4.83 5.19% 6 
12 5.61 10.06% 12 
18 6.43 15.19% 18 
24 7.27 20.44% 25 
30 8.09 25.56% 31 
36 8.94 30.88% 37 
42 9.84 36.50% 44 
48 10.41 40.06% 48 
54 11.27 45.44% 55 
60 12.03 50.19% 60 
66 12.82 55.13% 66 
72 13.61 60.06% 72 
78 14.34 64.63% 78 
84 15.27 70.44% 85 
90 16.01 75.06% 90 
96 16.73 79.56% 95 
102 17.49 84.31% 101 
108 18.22 88.88% 107 
114 19.19 94.94% 114 
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Appendix D: Experiment Three: LabVIEW Implementation Result. 







































0 0 0 0 4 0 0 0 
6 6 5.8 0 0 0.001 0.006 0.08 
12 12 12 7.08 4.03 0.00428 0.0436 0.8 
18 18 18 16.5 4.15 0.023 0.237 1.87 
24 24 23.9 22.1 4.27 0.0419 0.427 2.5 
30 30 30 28.4 4.44 0.0688 0.701 3.21 
36 36 36 35.5 4.69 0.108 1.1 4.02 
42 42 42 41.2 4.93 0.145 1.48 4.66 
48 48 48 47.7 5.25 0.195 1.98 5.4 
54 54 53.8 53.4 5.56 0.244 2.49 6.04 
60 60 59.9 60.6 6.01 0.314 3.2 6.85 
66 66 65.8 65.9 6.38 0.371 3.78 7.45 
72 72 71.7 72.8 6.9 0.453 4.62 8.23 
78 78 78 78 7.33 0.521 5.31 8.83 
84 84 83.9 83.6 7.82 0.597 6.09 9.45 
90 90 89.7 90.1 8.44 0.694 7.07 10.2 
96 96 95.8 96.1 9.05 0.789 8.04 10.9 
102 102 102 103 9.78 0.903 9.2 11.6 
108 108 108 109 10.5 1.02 10.4 12.4 
114 114 114 115 11.2 1.13 11.5 13 
120 120 120 121 12 1.26 12.8 13.7 
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Table D.2: Measurement of Pressure Transmitter from 0-10 bar. 










0 0.00% 3.95 0.00% 0 
6 5.00% 3.95 0.00% 0 
12 10.00% 3.97 0.10% 0.01 
18 15.00% 3.99 0.20% 0.02 
24 20.00% 4.03 0.50% 0.05 
30 25.00% 4.07 0.70% 0.07 
36 30.00% 4.13 1.10% 0.11 
42 35.00% 4.19 1.50% 0.15 
48 40.00% 4.27 2.00% 0.2 
54 45.00% 4.36 2.60% 0.26 
60 50.00% 4.45 3.10% 0.31 
66 55.00% 4.56 3.80% 0.38 
72 60.00% 4.67 4.50% 0.45 
78 65.00% 4.79 5.20% 0.52 
84 70.00% 4.93 6.10% 0.61 
90 75.00% 5.09 7.10% 0.71 
96 80.00% 5.24 8.00% 0.8 
102 85.00% 5.41 9.10% 0.91 
108 90.00% 5.57 10.10% 1.01 
114 95.00% 5.77 11.30% 1.13 
120 100.00% 5.97 12.60% 1.26 
 
Table D.3: The head loss through pressure transmitter 1 and 2. 
Reference 
Pressure Transmitter 1 [0-
10 bar ] 
Pressure Transmitter 2 [ 0-








Head 2  
[bar] 




0 0 0 0 0 0 
30 0.23 2.32 0.08 0.77 1.55 
60 1.31 13.35 0.32 3.21 10.14 
90 2.85 29.05 0.71 7.28 21.77 
120 5.28 53.82 1.23 12.49 41.34 
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Table D.4: The comparison of Flow Q (L/min) against overall Efficiency. 
Reference Flow (Q) [ L/min ] Span Flow %  Overall Efficiency  
0 0% 0 
30 25% 13 
60 50% 29 
90 75% 39 
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Appendix E: Pico Hydro Generator System Piping and Instrument Drawing. 
 
Figure E.1: PICO Hydro Generator System Piping and Instrument Drawing (As Built). 
